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Recently the power of femtosecond laser pulses has 

exceeded the petawatt level and is continuously increasing 

[1]. Intensities over 1023 W/cm2 (a0 ~300, where a0 is the 

normalized laser field [2,3]) at the laser focus have already 

been reached [4]. Several upcoming projects [5-9] make 

possible laser intensities exceeding I~1024 W/cm2 or 

a0~103. That would be a qualitative step forward in high 

field physics, because the parameter ma0/M, where M is 

the proton mass, becomes of the order of unity. Such 

powerful laser pulses can directly accelerate heavy 

particles up to relativistic energies. Moreover, the effect of 

relativistic transparency theoretically allows laser pulse 

propagation through even solid density plasmas. The latter, 

along with the generation of energetic particles, has been 

of particular interest.  

Specific to the interaction of powerful laser pulses and 

overdense plasmas is the relativistic effects in the plasma. 

A multi-PW laser pulse has a normalized vector 

potential   [where   is the amplitude of 

the laser field and   is the laser pulse frequency] far 

exceeding unity. Therefore, the group velocity of a laser 

pulse in plasma   [2,3] 

remains positive for electron densities which are a0 times 

higher than the critical density Ncr=m 2/4 e2. For Ti-Sph 

laser pulses and the laser intensity I=1024 W/cm2, the 

maximal density is Nemax=2x1024 cm-3. However, the 

equation for the group velocity is correct only for the 

electron figure-eight motion which could be restricted by 

the transverse components of the plasma field. 

Additionally, the hole-boring process [10-20] can also 

allow high intensity laser pulses to propagate through a 

spatially semi-infinite overdense plasma. Due to the laser 

ponderomotive force,   [2,3] electrons 

are pushed at the front of laser pulses while the main body 

of the pulses propagates in a much lower density plasma. 

Again, such processes as pulse filamentation and other 

instabilities can drastically diminish this force and finally 

stop the hole-boring process. How far powerful laser 

pulses can propagate in a spatially semi-infinite overdense 

plasma with different density and the domains of validity 

of such a process have yet to be fully understood. 

 Another important feature of the interaction of ultra-high 

intensity laser pulses with plasma is the possibility of 

direct acceleration of heavy ions by laser pulses. The 

general solution of particle motion in the plane wave gives 

[2,3,21-30]:   

  
, 

where M is the ion mass, A is a constant and p is 

normalized by mc, the particle momentum. If the ion is 

initially at rest, A=M/m and . For a0> M/m 

the energy of ion becomes relativistic even in a vacuum. 

In a relativistically transparent plasma, this effect may 

occur as a self-injection process for ions at the front of a 

laser pulse. 

In this letter, we investigate numerically the dynamics of 

ultra-intense laser pulses and the generation of energetic 

particles in spatially semi-infinite, overdense hydrogen 

plasma. Multidimensional PIC simulations including fully 

relativistic motions for electrons and ions as well as the 

classical radiation friction force are performed with high 

spatial /200 in 2D and maximal /50 in 3D using the 
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code FPlaser [31,32] with the moving window technique. 

Limited spatial resolution for 3D simulations constrains 

the range of plasma density and plasma length. 

 

 Linearly polarized laser pulses with wavelength  = 1 m 

and duration  = 10 fs propagate in the -x (longitudinal) 

direction from the right to left in a pre-ionized semi-

infinite plasma. The laser pulse intensity is varied from 

1023 to 1024 W/cm2, corresponding to a0 from ~102 to 103. 

The pulse intensities 1023  1024 W/cm2 at the laser focus 

correspond to energies from 0.75 kJ to 7.5 kJ and 

powers of 75 to 750 PW. Laser intensities exceeding 

I = 1022 W/cm2 have already been achieved [4] and the 

maximum laser intensity is approaching I=1024 W/cm2 as 

reported in [5-9], which makes this range of laser 

intensities interesting for investigation. The initial 

conditions for the transverse components of the fields are 

taken as the well-known solution of the para-axial 

equations [31,32] with the waist w0=5 m and 

corresponding Rayleigh length ~75 m. In simulations, 

the size of the moving window is (100 m)×(100 

m)×(110 m) to resolve high plasma frequency. The 

density of the uniform plasma is a parameter ranging from 

Ne = 2Ncr to 100Ncr. Such plasma can be produced in a 

mixture of high Z gases with hydrogen or in exploding 

wires [33,34]. However, here we consider pure hydrogen 

plasma to minimize the number of physical processes. The 

linear density ramp in the front of the plasma has a length 

L = 10 m. Absorbing boundary conditions are used in the 

code [31,32].    

 

 As a result of the simulations, we found that the laser 

pulses have a finite penetration depth, which depends on 

the plasma density and initial laser pulse intensity. Typical 

results are presented in Fig. 1 and Fig.2. In Fig.1 the 

dependences of the penetration depth, LD, for laser pulses 

with different intensity on the plasma density are shown. 

The penetration depth is calculated as the distance from 

the plasma boundary where the laser pulse vanishes or 

starts moving backward. Even for double critical density 

and a0~103 the penetration depth is finite; for I=1024 

W/cm2 LD~300 m even though Ne/Ncra0 remains far less 

than unity. For Ne=100Ncr the propagating laser pulse 

scatters from the boundary. The processes limiting the 

propagation length can be seen in Fig. 2 where the laser 

field is given at the stopping point. For lower density, the 

main reason is the filamentation instability [2,3] as seen in 

Fig 2a,b, along with the Raman scattering decreasing the 

pulse intensity. This underlines the role of the hole-boring 

process in the propagation of laser pulses. Filamented 

laser pulses cannot form a proper channel for guiding and 

plasma electrons cannot acquire the energy necessary for 

the relativistic transparency. With density increase, the 

transverse plasma field does not allow the 8-figure motion 

of electrons in the laser field and, as a result, the laser 

pulse does not penetrate in plasma essentially even though 

the plasma is still theoretically relativistically transparent. 

One can see strong scattered light from the plasma surface. 

With decreasing laser intensity all of the above effects 

occur earlier and, therefore, LD becomes smaller. 

 

 
Fig.1 Plot of penetration length for intensities (1) 

 , and (2)  . The penetration 
length is shorter for higher electron density and lower laser 
intensity. 
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Fig.2 xy cross-section of a laser pulse at the moment 

when the pulse propagation stops for (a) initial plasma 

density 2 Ncr, intensity  , the time 

t=1300fs, (b) initial plasma density 100Ncr, intensity 

, the time t=200fs. 

 

  During the laser pulse propagation a plasma cavity 

having a lower density than the surrounding plasma forms 

in the pulse wake as seen in Fig.3. This is the result of 

electron evacuation from the laser axis and further ion 

Coulomb explosion. Therefore, most of the ions acquire 

large transverse momenta. The cavity shape is dominated 

by the dynamics of energetic electrons. In Fig.4 a,b the 

effect of the radiation friction force is illustrated by the 

shape of cavities with and without it. One can see that the 

radiation friction force stabilizes the cavity shape. Since 

the electron density in the cavity is low, the electron 

acceleration occurs in an underdense plasma driven by the 

wake field. The results of electron acceleration can be seen 

in Fig.5a,b for different intensities. As expected, higher 

energy electrons appear in low, Ne=2Ncr, plasma. The 

maximum electron energy decreases with increasing 

density reflecting the shortening of the efficient 

acceleration length in the wake field. The maximum 

energy increases as a0 for lower density and increases 

more slowly at higher density. 

 

 

 

Fig.3 3D plot of a laser pulse and ion density where z > 

15 um for initial plasma density 5Ncr, intensity 

 , and the time t=300fs. Red shows ions. 

Blue shows a laser pulse. The laser pulse propagates 

from upper right to lower left. 

 

 

Fig.4 xy cross-section of ion density at the moment 

when the pulse propagation stops for the initial plasma 

density 10Ncr, intensity  , the time 

t=300fs, (a) with radiation reaction force and (b) 

without radiation reaction force. 

 

 

Fig.5 Electron energy spectrum for (a) intensity 

, (b) intensity . Lines (1), 

(2), and (3) indicate the case for initial densities of 2Ncr, 

5Ncr, and 10Ncr, respectively.  

 

The results for ion acceleration presented in Fig. 6a,b, 

show a completely different picture from the case of 

electron acceleration. The ion energy distribution function 

at the lower laser intensity, I=1023 W/cm2, is shown in 

Fig.6a. An increase of plasma density results in slower 

phase velocity of the plasma wake wave. Since 

background ions are initially accelerated behind the laser 

pulse due to the Coulomb explosion,  efficient injection 

of these ions into the plasma wake wave can occur when 

their velocities match the plasma wake phase velocity. At 

Ne=10Ncr the maximal energy is near 1 GeV. At low 

density, the maximal ion energy is rather low of the order 

of 100 MeV. For plasma with density Ne=100Ncr, the 

maximum ion energy is also low. The process of ion 

acceleration drastically changes for I=1024 W/cm2 where 

direct ion acceleration becomes more dominant. For lower 
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plasma density, Ne=2Ncr, the direct ion acceleration by the 

laser pulse serves as an injector of ions into the 

acceleration phase of the first plasma wave bucket at the 

front of the laser pulse. Then, a part of such injected ions 

is accelerated up to 20 GeV. These ions were positioned at 

the front of the laser pulses in our numerical simulations. 

With increasing density the direct ion acceleration 

becomes less efficient for injection as compared to the 

Coulomb explosion and, therefore, the maximum energy 

rapidly goes down. The radiation friction force does not 

affect this mechanism of ion injection and acceleration. 

 
Fig.6 Ion energy spectrum for (a) intensity 

, (b) intensity . Lines (1), 

(2), and (3) indicate the case for initial densities of 2Ncr, 

5Ncr, and 10Ncr, respectively.  

 

 In conclusion, we have observed a novel effect of ion 

acceleration by multi-PW laser pulses in relativistically 

underdense spatially semi-infinite plasma via fully 

relativistic PIC simulations including electron and ion 

motion along with the radiation damping. This 

acceleration occurs in plasmas with electron densities 

around 2-10 critical density due to the direct proton 

acceleration by laser pulses with a0~103 resulting in 

proton injection into the acceleration phase of the plasma 

wave at the front of the laser pulses. Protons with energies 

up to 20 GeV have been observed for 10 fs laser pulses 

with intensity I=1024 W/cm2 irradiating overdense plasma 

with Ne=2Ncr. Such a plasma can be produced by a mixture 

of a high Z gas and hydrogen. The proton energy rapidly 

decreases with increasing plasma density. For lower laser 

intensity the effect vanishes since direct proton 

acceleration becomes impossible. The behavior of plasma 

electrons does not show any essential difference from the 

conventional physical picture and recent experiments with 

lower laser intensities: energetic electrons form a broad 

Maxwell-like distribution with an effective temperature 

proportional to a0.   

  Limitation of the laser pulse propagation in a 

theoretically relativistically transparent spatially semi-

infinite plasma has been observed over a wide range of 

laser intensities and plasma densities. Laser pulse 

filamentation, backward Raman scattering, and the 

transverse plasma field break the transparency condition 

Ne/Ncra0<1. 

    

Acknowledgement 

 This work was supported and funded by the ImPACT 

Program of the Council for Science, Technology, and 

Innovation (Cabinet Office, Government of Japan). Part 

of this work was also supported by the JST-MIRAI 

Program Grant No. JPMJMI17A1. This work was 

(partially) achieved through the use of large-scale 

computer systems at the Cybermedia Center, Osaka 

University.  

 

References 

[1] C. Danson, D. Hillier, and N. Hopps, D. Neely, High 

Power Laser Sci. Vol. 3, e3, 14 pages (2015). 

[2] E. Esarey and P. Sprangle, IEEE Trans. Plasma Sci. 24, 

No. 2, 252 (1996); E. Esarey, C. B. Schroeder, and W. P. 

Leemans, Rev. Mod. Phys. 81, 1229 (2009). 

[3] G. A. Mourou, T. Tajima, and S. V. Bulanov, Rev. Mod. 

Phys. 78 (2006). 

[4] J. Shin, H. T. Kim, S. K. Lee, J. H. Sung, H. W. Lee, J. 

W. Yoon, C. Jeon, and C. H. Nam, The 7th Advanced 

Lasers and Photon Sources (ALPS2018) (2018) 

[5] C.A. Ur, D. Balabanski, G. Cata-Danil, S. Gales, I. 

Morjan, O. Tesileanu, D. Ursescu, I. Ursu, and N.V. 

Zamfir, Nucl. Instrum. Methods Phys. Res. B 355, 198-

202 (2015). 

[6] N. Miyanaga, H. Azechi, K.A. Tanaka, T. Kanabe, T. 

Jitsuno, J. Kawanaka1, Y. Fujimoto, R. Kodama, H. 

Shiraga, K. Knodo et al. J. Phys. IV Fr. 133, 81–87 (2006). 



― 69 ―

 

 

[7] J. K. Crane, G. Tietbohl, P. Arnold, E. S. Bliss, C. 

Boley, G. Britten, G. Brunton, 

W. Clark, J. W. Dawson, S. Fochs et al. J. Phys. Conf. Ser. 

244, 032003 (2010). 

[8] D. Batani, M. Koenig, J. L. Miquel, J. E. Ducret, E. 

d’Humieres, S Hulin, J. Caron, J. L. Feugeas, Ph. Nicolai, 

V. Tikhonchuk et al. Phys. Scr. 014016 (2014). 

[9] D. N. Maywar, D. N. Maywar, J. H. Kelly, L. J. Waxer, 

S. F. B. Morse, I. A. Begishev, J. Bromage, C. Dorrer, J. 

L. Edwards, L. Folnsbee, M. J. Guardalben et al. J. Phys. 

Conf. Ser. 112, 032007 (2008). 

[10] N. Iwata, S. Kojima, Y. Sentoku, M. Hata, and K. 

Mima, Nat. Commun. 9, 623 (2018) 

[11] M. Tabak, J. Hammer, M. E. Glinsky, W. L. Kruer, S. 

C. Wilks, J. Woodworth, E. M. Campbell, and M. D. Perry, 

Phys. Plasmas 1, 1626 (1994). 

[12] R. Kodama, P. A. Norreys, K. Mima, A. E. Dangor, 

R. G. Evans, H. Fujita, Y. Kitagawa, K. Krushelnick, T. 

Miyakoshi, N. Miyanaga et al. Nature 412, 798–802 

(2001) 

[13] M. C. Levy, S. C. Wilks, M. Tabak, S. B. Libby, and 

M. G. Baring, Nat. Commun. 5, 4149 (2014). 

[14] S. C. Wilks, W. L. Kruer, M. Tabak, and A. B. 

Langdon, Phys. Rev. Lett. 69, 1383–1386 (1992). 

[15] A. Pukhov and J. Meyer-ter-Vehn, Phys. Rev. Lett. 79, 

2686–2689 (1997). 

[16] Y. Sentoku, W. Kruer, M. Matsuoka, and A. Pukhov, 

Fusion Sci. Technol. 49, 278–296 (2006). 

[17] N. Naumova, T. Schlegel, V. T. Tikhonchuk, C. 

Labaune, I. V. Sokolov, and G. Mourou, Phys. Rev. Lett. 

102, 025002 (2009). 

[18] Y. Ping, A. J. Kemp, L. Divol, M. H. Key, P. K. Patel, 

K. U. Akli, F. N. Beg, S. Chawla, C. D. Chen, and R. R. 

Freeman, Phys. Rev. Lett. 109, 145006 (2012). 

[19] S. M. Weng, M. Murakami, H. Azechi, J. W. Wang, 

N. Tasoko, M. Chen, Z. M. Sheng, P. Mulser, W. Yu, and 

B. F. Shen, Phys. Plasmas 21, 012705 (2014). 

[20] A. L. Lei, A. Pukhov, R. Kodama, T. Yabuuchi, K. 

Adumi, K. Endo, R. R. Freeman, H. Habara, Y. Kitagawa, 

and K. Kondo, Phys. Rev. E 76, 066403 (2007). 

[21] A. Yogo, K. Mima N. Iwata, S. Tosaki, A. Morace, Y. 

Arikawa, S. Fujioka, T. Johzaki, Y. Sentoku, H. Nishimura 

et al. Sci. Rep. 7, 42451 (2017) 

[22] H. Daido, M. Nishiuchi, and A. S. Pirozhkov, Rep. 

Prog. Phys. 75, 056401 71pp (2012). 

[23] S. C. Wilks, A. B. Langdon, T. E. Cowan, M. Roth, 

M. Singh, S. Hatchett, M. H. Key, D. Pennington, A. 

MacKinnon, and R. A. Snavely, Phys. Plasmas 8, 542 

(2001). 

[24] R. A. Snavely, M. H. Key, S. P. Hatchett, T. E. Cowan, 

M. Roth, T. W. Phillips, M. A. Stoyer, E. A. Henry, T. C. 

Sangster, M. S. Singh et al. Phys. Rev. Lett. 85, 2945–

2948 (2000). 

[25] T. Esirkepov, M. Borghesi, S. V. Bulanov, G. Mourou, 

and T. Tajima, Phys. Rev. Lett. 92, 175003 (2004). 

[26] L. Yin, B. J. Albright, K. J. Bowers, D. Jung, J. C. 

Fernández, and B. M. Hegelich, Phys. Rev. Lett. 107, 

045003 (2011). 

[27] F. Fiuza, A. Stockem, E. Boella, R. A. Fonseca, and 

L. O. Silva, Phys. Rev. Lett. 109, 215001 (2012). 

[28] D. Haberberger, S. Tochitsky, F. Fiuza, C. Gong, R. 

A. Fonseca, L. O. Silva, W. B. Mori, and C. Joshi, Nat. 

Phys. 8, pages 95–99 (2012). 

[29] B. M. Hegelich, B. J. Albright, J. Cobble, K. Flippo, 

S. Letzring, M. Paffett, H. Ruhl, J. Schreiber, R. K. 

Schulze, and J. C. Fernández, Nature 439, 441–444 (2006). 

[30] S. Palaniyappan, C. Huang, D. C. Gautier, C. E. 

Hamilton, M. A. Santiago, C. Kreuzer, A. B. Sefkow, R. 

C. Shah, and J. C. Fernández, Nat. Commun. 6, 10170 

(2015). 

[31] A. Zhidkov, T. Fujii, and K. Nemoto, Phys. Rev. E 78, 

036406 (2008) 

[32] M. Yano, A. Zhidkov, T. Hosokai, and R. Kodama, 

Phys. Plasma 25, 103104 (2018) 

[33] T. Vijayan and V. K. Rohatgi, IEEE T PLASMA SCI. 

VOL. PS-13, No. 4 (1985) 

[34] N. Iwata, H. Nagatomo, Y. Fukuda, R. Matsui, and Y. 

Kishimoto, Phys. Plasmas 23, 063115 (2016). 

 





― 71 ―
 

 

(RCNP)

Department of Physics, Pukyong National University 

Center for Extreme Nuclear Matter (CENuM), Korea University

(QCD)

QCD

QCD

[1]

[2] QCD

 

J-PARC(KEK/JAEA) FAIR(GSI)

NICA(JINR)

QCD QCD

 

QCD

QCD

QCD

QCD

Taylor

2 QCD

[3]

 

 

 

ZGC

ZC  

 

=exp( /T)

T V

ZGC Fourier  

 

ZC = I/T

ZGC

(2) ZC

(1)

ZGC  

1992 Hasenfratz

Toussaint [3]

(2) Fourier

n exp(-in )

ZC



― 72 ―
 

2016

[4]

16

Fourier  

 

 

1

 

 

 

(4) 20

ZC

 

2017 ZCG

[5]

Fourier

n ZC(n)  

5,000

(2) Fourier 1

n>100 Zn=ZC(n)/ZC(0)

n=10 Zn

 

 

 

(1)

Nmax

Nmax

Nmax  

 
1 : Zn=ZC(n)/ZC(0) 

n
 

 

 

Lee-Yang [6]

Lee-Yang

(1) Nmax

Lee-Yang

2Nmax Nmax

Lee-Yang Nmax

Lee-Yang

Lee-Yang

Nmax  

 

QCD Lee-Yang

(LYZ) [7]

Ns=16

Nt=4

m /m =0.80 QCD  

 



― 73 ―
 

 
2 : T/TC=0.93 LYZ

Nmax  

 

RCNP/CMC GPU

OCTOPUS GPU

GPU

163 4(=16,384)

Fourier

FMLIB [8] 5,000

LYZ OCTOPUS

CPU Nmax=2048

Nmax CPU

192[GByte]

6[TByte]

 
2 T/TC=0.93

LYZ Nmax

TC

min(Im[ ])

LYZ Nmax Nmax

LYZ

1 2 Nmax

T/TC=0.93 B/T~5-6

B

B=3  

 

 

QCD LYZ

Nmax  
 

 

 

3 : T=49[MeV]
LYZ Nmax LYZ

(CP)  

 

QCD -

NJL [9] NJL

 

3 T=49[MeV]

LYZ Nmax Nmax

LYZ

(CP)

Fourier

 

Fourier

 

 

LYZ

y=Im[ ] x=Re[ ] b c d x0

(5)



― 74 ―
 

x=x0 Taylor 2

x=x0

Nmax x=x0

Fourier

1

LYZ (5) 3

Fourier

1

 

 

QCD NJL

LYZ

QCD

T/TC=0.93 B/T~5-6

 

Nmax

NJL

NJL

NJL

Fourier

 

Ns=24 m /m =0.48

OCTOPUS NJL

LYZ

 

 

 

V. G. Borynakov D. L. Boyda V. A. 

Goy A. V. Molochkiov

V. I. Zakharov

(MSIT)

(NRF)

(No.2018R1A5A1025563)

CMC

: EX18705 RCNP

NEC OCTOPUS

CMC 2018

 
 

(1) B. P. Abbott et al. [LIGO Scientific and Virgo 

Collaborations], Phys. Rev. Lett. 116, 061102 

(2016). 

(2) K. Akiyama et al. [Event Horizon Telescope 

Collaboration], Astrophys. J. 875, L6 (2019). 

(3) A. Hasenfratz and D. Toussaint, Nucl. Phys. B 371, 

539 (1992). 

(4) R. Fukuda, A. Nakamura and S. Oka, Phys. Rev. D 

93, 094508 (2016). 

(5) V. G. Bornyakov, D. L. Boyda, V. A. Goy, A. V. 

Molochkov, A. Nakamura, A. A. Nikolaev and V. I. 

Zakharov, Phys. Rev. D 95, 094506 (2017). 

(6) C. N. Yang and T. D. Lee, Phys. Rev. 87, 404 & 410 

(1952). 

(7) M. Wakayama, V. G. Borynakov, D. L. Boyda, V. A. 

Goy, H. Iida, A. V. Molochkov, A. Nakamura and V. 

I. Zakharov, Phys. Lett. B (2019) (in press) 

arXiv:1802.02014 [hep-lat].  

(8) D. M. Smith, FMLIB1.3 (2015). 

http://myweb.lmu.edu/dmsmith/FMLIB.html. 

(9) Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345 

(1961); Phys. Rev. 124, 246 (1961). 



― 75 ―

2018

 SC18

24 (SuperCon2018)

25 (SuperCon2019)

2019

2018

2019 HPCI(High Performance Computing Infrastructure)

2019

2018

2019

Q&A





― 77 ―

 

 

 

2018 4 2019 3

 

 

[1]  N. Numoto, N. Kamiya, G.-J. Bekker, Y. 
Yamagami, S. Inaba, K. Ishii, S. Uchiyama, F. 

the PET-degrading cutinase-like enzyme from 
Saccharomonospora viridis AHK190 in sub-
strate-bound states elucidates the Ca2+-driven 
catalytic cycle , Biochemistry, 57, 5289-5300, 
2018  

[2]  G.-J. Bekker, B. Ma, N. Kamiya, Thermal sta-
bility of single-domain antibodies estimated by 
molecular dynamics simulations , Protein Sci, 28, 
429-438, 2019  

[3]  Wen Jun Xie, Seoncheol Cha, Tatsuhiko Ohto, 
Wataru Mizukami, Yuezhi Mao, Manfred Wagner, 
Mischa Bonn, Johannes Hunger, and Yuki Nagata, 

Large Hydrogen Bond Mismatch between 
TMAO and Urea Promotes Their Hydrophobic 
Association , Chem, 4, 2615, 2018  

[4]  R. Tanaka, T. Kawata, and T. Tsukahara, DNS 
of Taylor-Couette flow between counter-rotating 
cylinders at small radius ratio , International 
Journal of Advances in Engineering Sciences and 
Applied Mathematics, Vol. 10, Issue 2, 159-170, 
2018  

[5]  T. Nimura, T. Kawata, and T. Tsukahara, Vis-
coelastic effect on steady wavy roll cells in 
wall-bounded shear flow , Fluid Dynamics Re-
search, Vol. 50, No. 5 , 51414, 2018  

[6]  T. Nimura, T. Kawata, and T. Tsukahara, Vis-
coelasticity-induced pulsatile motion of 2D roll 
cell in laminar wall-bounded shear flow , Inter-
national Journal of Heat and Fluid Flow, Vol. 74, 
65-75, 2018  

[7]  T. Tsukahara, T. Tomioka, T. Ishida, Y. Duguet, 
and G. Brethouwer, Transverse turbulent bands 
in rough plane Couette flow , Journal of Fluid 
Science and Technology, Vol. 13, Issue 3, 
JFST0019, 2018  

[8]  K. Nitta and T. Tsukahara, Numerical demon-
stration of in-tube liquid-column migration driven 

by photoisomerization , Micromachines, Vol. 9, 
No. 10, 533, 2018  

[9]  Y. Fujimoto, Gas adsorption effects on the sta-
bilities, electronic structures and scanning tunnel-
ing microscopy of graphene monolayers doped 
with B or N , Japanese Journal of Applied 
Physics, 58, pp.015005_1-8, 2019  

[10]  T. Haga, Y. Fujimoto and S. Saito, STM visu-
alization of carbon impurities in sandwich struc-
tures consisting of hexagonal boron nitride and 
graphene , Japanese Journal of Applied Physics, 
(Accepted)  

[11]  T. Konishi, H. Kojima, H. Nakagawa, and T. 
Tsuchiya, In search of minimum locating ar-
rays , Submitted  

[12]  Jingchen Gu, Motoki Sakaue, Shintaro Takeuchi, 
Takeo Kajishima:, An immersed lubrication 
model for the fluid flow in a narrow gap region , 
Powder Technology, Vol.329, pp.445-454, 
2018.04  

[13]  Jingchen Gu, Shintaro Takeuchi, Takeo Kajishima, 
Influence of Rayleigh number and solid volume 

fraction in particle-dispersed natural convection , 
International Journal of Heat and Mass Transfer, 
Vol.120, pp.250-258, 2018.05  

[14]  Toshiaki Fukada, Walter Fornari, Luca Brandt, 
Shintaro Takeuchi, Takeo Kajishima, A nu-
merical approach for particle-vortex interactions 
based on volume-averaged equations , Interna-
tional Journal of Multiphase Flow, Vol.104, 
pp.188-205, 2018.07  

[15]  Shintaro Takeuchi, Hiroki Fukuoka, Jingchen Gu, 

fluid and membrane by a consistent direct dis-
e-

tween fluid and membrane by a consistent direct 
discretisation approach, Journal of Computational 
Physic, Vol.371, pp.1018-1042, 2018.1  

[16]  Kie Okabayashi, Kenshi Hirai, Shintaro Takeuchi, 
Takeo Kajishima, Direct numerical simulation 
of turbulent flow above zigzag riblets , AIP Ad-



― 78 ―

 

 

vances, Vol.8, Issue 10, 105227, 2018.1  

[17]  Jingchen Gu, Shintaro Takeuchi, Toshiaki Fukada, 

cooperative effect of convective and conductive 
heat transfers in particle-dispersed natural con-

Transfer, Vol.130, pp.946-959, 2019.03  

[18]  Toshiaki Fukada, Shintaro Takeuchi, Takeo Kaji-
shima, Estimation of fluid force on spherical 
particle for two-way coupling simulation , In-
ternational Journal of Multiphase Flow, Vol.113, 
pp.165-178, 2019.01  

[19]   Shintaro Takeuchi, Suguru Miyauchi, Takeo 
Kajishima, Asahi Tazaki, A relation between 
membrane permeability and flow rate at low 
Reynolds number in circular pipe , Journal of 
Membrane Science, 2019.03  

[20]  , 

, , Vol.37, No.2, pp.119-122, 
2018  

[21]  Nicolas Jourdaine, Nobuyuki Tsuboi, Kohei 
Ozawa, Takayuki Kojima, A. Koichi Hayashi, 

-dimensional numerical thrust performance 
analysis of hydrogen fuel mixture rotating detona-

of the Combustion Institute, 37(3), pp. 3443-3451  

[22]  Ayu Ago, Nobuyuki Tsuboi, Edyta Dzieminska & 
A. Koichi Hayashi, Two-Dimensional Numer-
ical Simulation of Detonation Transition with 
Multi-Step Reaction Model: Effects of Obstacle 
Height , Combustion Science and Technology, 
Aug-18  

[23]  Y. Kajiwara and N. Mori, Nonequilibrium 
Green function simulation of coupled elec-
tron-phonon transport in one-mensional 
nanostructures , Japanese Journal of Applied 
Physics, 2019  

[24]  S. Makihira and and N. Mori, Intra-collisional 
field effect in one-dimensional GaN nanowires , 
Japanese Journal of Applied Physics, 2019  

[25]  T. Omori, Y. Kobayashi, Y. Yamaguchi and T. 
Kajishima, Understanding the asymmetry be-
tween advancing and receding microscopic con-
tact angles , Soft Matter, (Accepted), 2019  

[26]  Hidenori Yoshizawa, Daisuke Motooka, Yuki 
Matsumoto, Ryuichi Katada, Shota Nakamura, 
Eiichi Morii, Tetsuya Iida, Hiroshi Matsumoto, 

Streptococcus tigurinus diagnosed by necropsy in 
which genomic analysis was useful for clarifying 
its pathogenicity , Pathology International, 
Volume 68, Issue 5, Pages 301-306, May-18  

[27]  , , 

, 
, Vol.30, No.2, pp. 543-547, 2018  

[28]  , , , , 
 

, 
, Vol. 57, No. 8, pp. 563-569, 2019  

[29]  , CLINICAL TOPICS

, BIO Clinica 2018, 
33, 12, 52-57, 2018  

[30]  Mina Maruyama and Susumu Okada, Geometric 
and electronic structures of a two-dimensional 
covalent network of sp2 and sp3 carbon atoms , 
Diamond and Related Materials, 81, 103-107 
(2018), 81, 103-107, 2018  

[31]  Hisaki Sawahata, Mina Maruyama, Nguyen 
Thanh Cuong, Haruka Omachi, Hisanori Shino-
hara, and Susumu Okada, Energetics and elec-
tronic properties of B3N3-doped graphene , 
ChemPhysChem, 19, 237-242, 2018  

[32]  Kazufumi Yoneyama, Ayaka Yamanaka, and Su-
sumu Okada, Mechanical properties of graphene 
nanoribbons under uniaxial tensile strain , Jap-
anese Journal of Applied Physics, 57, 35101, 
2018  

[33]  Yasumaru Fujii, Mina Maruyama, Katsunori 
Wakabayashi, Kyoko Nakada, and Susumu Okada, 

Electronic structure of two-dimensional hydro-
carbon networks of sp2 and sp3 C atoms , Journal 
of the Physical Society of Japan, 87, 34704, 2018  

[34]  Yanlin Gao and Susumu Okada, Electrostatic 
Properties of Graphene Edges for Electron Emis-
sion under an External Electric Field , Applied 
Physics Letters, 112, 163105, 2018  

[35]  Manaho Matsubara and Susumu Okada, 
Field-induced structural control of COx mole-

cules adsorbed on graphene , Journal of Applied 
Physics, 123, 174302, 2018  

[36]  Sho Furutani and Susumu Okada, Energetics 
and electronic structures of chemically decorated 
C60 chains , Japanese Journal of Applied Physics, 



― 79 ―

 

 

57, 06HB02, 2018  

[37]  Airi Yasuma, Ayaka Yamanaka, and Susumu 
Okada, Energetics of edge oxidization of gra-
phene nanoribbons , Japanese Journal of Applied 
Physics, 57, 06HB03 , 2018  

[38]  Hisaki Sawahata, Ayaka Yamanaka, Mina 
Maruyama, and Susumu Okada, Energetics and 
formation mechanism of borders between h-BN 
and graphene , Applied Physics Express, 11, 
65201, 2018  

[39]  Yuya Nagasawa, Takeshi Koyama, and Susumu 
Okada, Energetics and electronic structures of 
perylene confined in carbon nanotubes , Royal 
Society Open Science, 5, 180359, 2018  

[40]  Kazufumi Yoneyama, Ayaka Yamanaka, and Su-
sumu Okada, Energetics and electronic structure 
of corrugated graphene nanoribbons , Japanese 
Journal of Applied Physics, Vol. 57, 85101, 2018  

[41]  Sho Furutani and Susumu Okada, Electronic 
structure and cohesive energy of si-
lyl-methyl-fullerene and meth-
ano-indene-fullerene solids , Japanese Journal of 
Applied Physics, 57, 85102, 2018  

[42]  Yasumaru Fujii, Mina Maruyama, and Susumu 
Okada, Geometric and electronic structures of 
two-dimensionally polymerized triptycene: Co-
valent honeycomb networks comprising trip-
tycene and polyphenyl , Japanese Journal of 
Applied Physics, 57, 125203, 2018  

[43]  Mina Maruyama and Susumu Okada, Energetics 
and electronic structure of triangular hexagonal 
boron nitride nanoflake , Scientific Reports, 8, 
16657, 2018  

[44]  A. Sunahara, T. Asahina, H. Nagatomo, R. Ha-
nayama, H. Tanaka, K. Mima, Y. Kato, and S. 

Ions Through Optimization of Pre-plasma For-
mation for Neutr
ma Physics and Controlled Fusion 61, 61, 25002, 
10 pages, Nov. 2018  

[45]  Y. Mori, A. Sunahara, Y. Nishimura, T. Hioki, H. 
Azuma, T. Motohiro, Y. Kitagawa, K. Ishii, R. 
Hanayama, O. Komeda, T. Sekine, T. Kurita, T. 
Takeuchi, T. Kurita, E. Miura, and Y. Sentoku, 

-crystalline yt-
tria-stabilised zirconia induced by radiation heat-
ing from laser-produced plasma , Journal of 
Physics D 52, D52, 105202, 13 pages, Jan. 2019  

[46]  Mihoko Konishi, Taro Matsuo, Kodai Yamamoto, 
Matthias Samland, Jun Sudo, Hiroshi Shibai, 
Yoichi Itoh, Misato Fukagawa, Takahiro Sumi, et 

of Japan, Vol.68, No.6, 92, Dec. 2016  

[47]  Kodai Yamamoto, Taro Matsuo, Hiroshi Shibai, 
Yoichi Itoh, Mihoko Konishi, Jun Sudo, Ryoko 
Tanii, Misato Fukagawa, Takahiro Sumi, et al, 

Society of Japan, Vol.65, No.4, 90, Aug. 2013  

[48]  Shuhei Shinzato, Masato Wakeda and Shigenobu 
Ogata, An atomistically informed kinetic Monte 
Carlo model for predicting solid solution 
strengthening of body-centered cubic alloys , 
International Journal of Plasticity, in press, 2019  

[49]  A. Yamamoto, 1D anyons in relativistic field 
theory , PTEP 2018, 043B03, 2018  

[50]  A. Yamamoto, Non-Abelian vortex in lattice 
gauge theory , PTEP 2018, 103B03, 2018  

[51]  K. Hattori, A. Yamamoto, Meson deformation 
by magnetic fields in lattice QCD , PTEP 2019, 
in press, 2019  

[52]  S. Pu, A. Yamamoto, Abelian and non-Abelian 
Berry curvatures in lattice QCD , Nuclear 
Physics B, 933, 53-64, 2018  

[53]  T. Hirakida, E. Itou, H. Kouno, Thermody-
namics for pure SU (2) gauge theory using gradi-
ent flow , Progress of Theoretical and Experi-
mental Physics, Volume 2019, Issue 3, 033B01, 
Mar-19  

[54]  T. Yamaguchi and K. Iwano, The Optical 
Conductivity for a Spin-Peirls Ground State of 
(TMTTF) 2PF6 with tetramer formation , Journal 
of Low Temperature Physics  

[55]  Hiroaki Kouno, Lattice QCD simulations at 
finite chemical potentials , Reports of the Faculty 
of Science and Engineering, Vol.47, No.2, pp.1-4, 
2018  

[56]  Ken'ichiro Nakazato, Hideyuki Suzuki and 
Hajime Togashi, Heavy nuclei as thermal in-
sulation for protoneutron stars , Physical Review, 
C97, no.3, 35804, 2018  

[57]  M. Zaizen, T. Yoshida, K. Sumiyoshi and H. 
Umeda, Collective neutrino oscillations and 
detectabilities in failed supernovae , Physical 



― 80 ―

 

 

Review, D98, 103020, 11 pages, 2018  

[58]  K. Takahashi, K. Sumiyoshi, S. Yamada, H. 
Umeda and T. Yoshida, The evolution towards 
electron-capture supernovae: the flame propaga-
tion in collapsing oxygen-neon cores , Astro-
physical Journal, 871, 153, 20 pages, 2019  

[59]  H. Nagakura, S. Furusawa, H. Togashi, S. Richers, 
K. Sumiyoshi and S. Yamada, Comparing 
treatments of weak reactions with nuclei in simu-
lations of core-collapse supernovae , Astro-
physical Journal Supplement Series, 240, 38, 32 
pages, 2019  

[60]  A. Harada, H. Nagakura, W. Iwakami, H. Okawa, 
S. Furusawa, H. Matsufuru, K. Sumiyoshi and S. 

space for the rotating core-collapse supernova 
simulated with a boltzmann-neutrino radia-
tion- strophysical Journal, 
872, 181, 19 pages, 2019  

 

 

[1]   K. Tsujimoto, K. Jinno, T. Shakouchi and T. Ando, 
Intermittently Con-

tralasian Fluid Mechanics Conference, USB, 4p, 
Dec. 2018. 

[2]   T. Suzuki, K. Tsujimoto, T. Shakouchi and T. An-

t Austral-
asian Fluid Mechanics Conference, USB, 4p, Dec. 
2018. 

[3]   Nakatani, Y., Naka, Y., Nishida, S., and Taniguchi, 

15th Estuarine Coastal Modeling Conference 
(ECM15), June, 2018. 

[4]   , , , 
DO

, 17 , P3-33, 2018
10 . 

[5]   K. Matsui, K. Fujiwara, Y. Ueki, and M. Shibaha-

ceedings of the 16th International Heat Transfer 
Conference (IHTC-16), IHTC16-23792, 2018. 

[6]   
ulation of the liquid-column manipulation by 

ceedings of the 29th International Symposium on 
Transport Phenomena, ISTP, 29-104, Oct. 30 - 
Nov. 2018. 

[7]   
simulation of thermocapillary-driven flow in a 
free rectangular liquid film with varying volume 

Symposium on Transport Phenomena, ISTP, 
29-105, Oct. 30 - Nov. 2018. 

[8]   
transfer of transitional regime with large-scale in-

ings of 12th International ERCOFTAC Sympo-
sium on Engineering Turbulence Modelling and 
Measurements, 6 pages, Sep. 2018. 

[9]   
-stress model applied to the 

drag-reducing viscoelastic turbulent flow over 
backward-
International ERCOFTAC Symposium on Engi-
neering Turbulence Modelling and Measurements, 
6 pages, Sep. 2018. 

[10]   Takeo Kajishima, Shintaro Takeuchi, Jingchen Gu, 

convection of solid-liquid two-
European-Japanese Two-Phase Flow Group 
Meeting (EJTPFGM8), 2018.04.23. 

[11]   
boundary methods for numerical simulation of 

trial and Applied Mathematics (TWSIAM), 
2018.05.26. 

[12]   
boundary methods for particle-laden flows and 
fluid-structure interactions with heat and mass 

Process Industries (ACHEMA2018), 2018.06.12. 

[13]   Jingchen Gu, Shintaro Takeuchi, Takeo Kajishima, 

heat transfer in solid-liquid two-phase media 
densely laden with finite-
International Heat Transfer Conference (IHTC16), 
23828, 2018.08.11. 

[14]   Takeo Kajishima, 

ban Big Data & Simulation Forum 2018, 
2018.09.20. 

[15]   



― 81 ―

 

 

study on the hypersonic boundary-layer receptiv-
ity to free-stream disturbance ov
12th Asian Computational Fluid Dynamics Con-
ference (ACFD), 0154, 2018.10.15. 

[16]   Asahi Tazaki, Shintaro Takeuchi, Takeo Kajishi-

velocity and pressure fields with pressure discon-
tinuity across a p
Computational Fluid Dynamics Conference 
(ACFD), 0120, 2018.10.16. 

[17]   Shintaro Takeuchi, Jingchen Gu, Takeo Kajishima, 

cle-dispersed two-
putational Fluid Dynamics Conference (ACFD), 
0148, 2018.10.16. 

[18]    Toshiaki Fukada, Shintaro Takeuchi, Takeo 

particle for fluid force estimation in two-way 

American Physical Society Division of Fluid Dy-
namics (DFD2018), D37.05, 2018.11.18. 

[19]   Jingchen Gu, Shintaro Takeuchi, Takeo Kajishima, 

ican Physical Society Division of Fluid Dynamics 
(DFD2018), A10.05, 2018.11.18. 

[20]   Kunichika Tsumoto, Takashi Ashihara, Yasutaka 
Kurata, Yoshihisa Kurachi, 
caused by subcellular sodium channel redistribu-

press), Mar-19. 

[21]   Tsutomu Uenohara, Yasuhiro Takaya, Yasuhiro 

tion, Jun-18. 

[22]   
modes in supersonic streamwise vortices using a 
weighted essentially non-
Proceedings of International Conference on 
Computational Fluid Dynamics, ICCFD10-054, 
11 pages, 2018. 

[23]   Toshihiro Iwasa, Keiichiro Fujimoto, Daiki Muto, 

Hydrogen Jet Mixing in Supersonic Crossflow for 

Asian Computational Fluid Dynamics Conference, 
0104, October, 2018. 

[24]   Yoshiki Nishikawa, Nobuyuki Tsuboi, Takashi Ito, 

namic Characteristics of Reusable Vehi-
cle-eXperiment Rocket with Body-flap during 

Dynamics, GS1-30, November, 2018. 

[25]   Tomohiro Watanabe, Nicolas H. Jourdaine, Kohei 
Ozawa, Nobuyui Tsuboi, Takayuki Kojima, A. 
Koichi Hay -dimensional Numerical 
Simulation of Disk Rotating Detonation Engine; 

AIAA-2019-1498, January, 2019. 

[26]   
tive Visualization for Analysis of Air Traffic 

Proceedings of the 18th International 
Conference on Geometry and Graphics, Digital 
Proceedings (ISBN: 978-3-319-95588-9), 
pp.1161-1166, Aug. 2018. 

[27]   Y. Shinohara, W. Dmowski, T. Iwashita, D. Ishi-

slow dynamics of water molecules induced by so-

March meeting, 2018 March . 

[28]   Ying-Feng Hsu, Morito Matsuoka, Nicolas Jung, 
Yuki Matsumoto, Daisuke Motooka, Shota 

-Performance 
Sequence Analysis Engine for Shotgun Meta-

18th International Conference on Bioinformatics 
and Bioengineering (BIBE), Oct-18. 

[29]   -Nucleon Interaction from 

arXiv:1810.04046 [hep-lat]. 

[30]   
zation of Potential Technical Solutions by 
Self-Organizing Maps and Co-
SCIS&ISIS2018 (2018 Joint 10th International 
Conference on Soft Computing and Intelligent 
Systems and 19th International Symposium on 
Advanced Intelligent Systems), pp. 820-825, 
2018. 

[31]   
parative Study on SOM-Based Visualization of 
Potential Technical Solutions Using Fuzzy 
Bag-of-Words and Co-occurrence Probability of 
Technic
certainty in Knowledge Modelling and Decision 
Making), pp. 360-369, 2019. 

[32]   Shin Inada, Nitaro Shibata, Takashi Ashihara, 

autonomic nerve activity on atrioventricular node 



― 82 ―

 

 

conduction -A simulation study-
ternational Congress on Electrocardiology, Oral 
presentation, 2018/10/17-20. 

[33]   Shin Inada, Takeshi Aiba, Ryo Haraguchi, Takashi 
Ashihara, Kengo Kusano, Wataru Shimizu, Taka-

of right ventricular outflow tract epicardium -A 
simulation study-
gress on Electrocardiology, Oral presentation, 
2018/6/28-30. 

[34]   Ashihara T, Sakata K, Okuyama Y, Ozawa T, 
Haraguchi R, Nakazawa K, Tsuchiya T, Horie M, 

on-PAF driver is not always re-
flected by the increase in global AF cycle length: 

Scientific Sessions, Poster, 2018/05/09-12. 

[35]   M. M. Dozieres, P. Forestier-Colleoni, C. 
McGuffey, K. Matsuo, 
copy characterization of an imploded, magnetized 
cylindrical plasma for relativistic electron 

sion of Plasma Physics, Nov. 8, 2018. 

[36]   
spectroscopy experiment with magnetized silicon 

of 12th International Conference on High Energy 
Density Laboratory Astrophysics, (submitted). 

[37]   Atsushi Sunahara, Takashi Asahina, Hideo Naga-
tomo, Ryohei Hanayama, Kunioki Mima, Hiroki 
Tanaka, Yoshiaki Kato, Sadao Nakai, Ahmed 

production of energetic deuteron ions for neutron 

ican Physical Society, 60th Annual Meeting of the 
APS Division of Plasma Physics, Volume 63, 
Number 11, UO6.00003, 2018. 

[38]   
dynamic Instability on Liquid Column Defor-

International Conference on Liquid Atomization 
and Spray Systems, July, 2018. 

[39]   
bell model with variable affinity in multi-scale 
analysis of polymer-
International Symposium on Turbulence, Heat 
and Mass Transfer, July 10-13, 2018. 

[40]   Yamazaki, T., Oda, Y., Matsumoto, R. and Katsu-

Heat Transfer in Pulsating Plane Channel Flows 

Heat Transfer Conference (IHTC-16), Paper No. 
IHTC16-23774, Aug-18. 

[41]   Y. Taniguchi, A. Baba, S. Ejiri, K. Kanaya, M. 
Kitazawa, T. Shimojo, A. Suzuki, H. Suzuki, T. 

-momentum tensor cor-
relation function in Nf=2+1 full QCD for QGP 

TICE2018, pp166 (1-7), 2018. 

[42]   A. Baba, S. Ejiri, K. Kanaya, M. Kitazawa, T. 
Shimojo, H. Suzuki, Y. Taniguchi, T. Umeda, 

pp173 (1-7), 2018. 

[43]   M. Shirogane, S. Ejiri, R. Iwami, K. Kanaya, M. 
Kitazawa, H. Suzuki, Y. Taniguchi, T. Umeda, 

sition point of SU(3) gauge theory using gradient 

pp164 (1-7), 2018. 

[44]   Remi Konagaya, Tomotaka Kobayashi, Ken 
Naitoh, Yoshiaki Tanaka, Kohta Tsuru, Kodai Ki-
noshita, Junya Mikoda, Kenichiro Ashikawa, Hi-
roki Makimoto, Yoshiki Kobayashi, Shi Lujiang 

-dimensional 
computations and shock tube experiments of the 
compression principle of supermulti jets colliding 

r, 2018-4630, 2018. 

[45]   Aya Hosoi, Remi Konagaya, Sota Kawaguchi, 
Yuya Yamashita, Yasuhiro Sogabe and Ken 

-grid computation of sin-
gle-point autoignition gasoline engine with col-
liding pulsed supermulti-
JSST, 293-296, 2018. 

[46]   
of influence of rotary valve speed on compression 
level due to jets colliding in a new high-thermal 

-300, 
2018. 

[47]   
si-stable ratios of physical particles revealed by 
multi-
ceedings of JSST, 301-304, 2018. 

[48]   
for SU (2) pure gauge theory using gradient flow, 

018), 167, 
July 22-28, 2018. 

[49]   
ulation of Supernova Explosion Accelerated on 
GPU: Spherically Symmetric Neutrino-Radiation 



― 83 ―

 

 

Science (ICCSA 2018), vol 10962, July 2 - 5, 
2018. 

[50]   
supernova explosion accelerated on GPU: Spher-
ically symmetric neutrino-radiation hydrodynam-

ries (ICCSA 2018), Vol. 10962, 440-455, 2018.7. 

[51]   H. Matsufuru and K. Sum
numerical simulations of supernovae with GPUs, 

braries (CANDAR 2018), 2018.11. 

[52]   Etsuko Itou, Kei Iida, Tong-
of two-color QCD at low temperature and high 

gs of Science(LATTICE2018), 
168, 7 pages, Jul. 2018. 

[53]   M. Wakayama, Y. Murakami, S. Muroya, A. 
Nakamura, C. Nonaka, M. Sekiguchi and H. Wa-

(QNP 2018), QNP18-077, 2019. 

[54]   V. G. Bornyakov, D. L. Boyda, V. A. Goy, H. Iida, 
A. V. Molochkov, A. Nakamura, A. A. Nikolaev, V. 

finite baryon density using analytic continuation, 
 

 

 

[1]    , , , , 
DNS 

, 2018
CD-ROM, 5p, Sep. 2018  

[2]   , , , , 
DNS , 

2018 , 
CD-ROM, 5p, Dec. 2018  

[3]   , , , , 
DNS

, 96
, USB, 3p, Nov. 2018  

[4]   , 
DNS , 96

, USB, 3p, 
Nov. 2018  

[5]   , , , 
, DNS , 

96 , 

USB, 2p, Nov. 2018  

[6]   , 

DNS , 68
, USB, 3p, Mar. 2019  

[7]   
, DNS

, 
68 , USB, 4p, Mar. 

2019  

[8]   , , , 
, 

, 2018 9  

[9]   , , , 
, 

30 in , 
2018 8  

[10]    ,  ,  ,  , 
  

, 
, May. 2018  

[11]    ,  ,  ,  , 
  

 , 31
CMD2018 , November. 2018  

[12]   , , , 

, 
2018, E212, 2018  

[13]   , , , , 

, 
55 , G323, 
2018  

[14]   , , , , 

, 23
, Vol. 23, 3 , 2018 6  

[15]   , , , , 
, 

, 
31

, 2 , 2018 12  

[16]   , , 
, 96

 , 
OS2-24, 4 pages, Nov. 2018  



― 84 ―

 

 

[17]   , , , 
, 

96  
, OS2-6, 2 pages, Nov. 2018  

[18]   , , , 

, 96
 , OS1-5, 4 pages, Nov. 

2018  

[19]   , , 
, 

31  , 
033, 4 pages, Nov. 2018  

[20]   , , 

, 2018 , 4 
pages, Sep. 2018  

[21]   , , 

, 55  
, P142, 6 pages, May. 2018  

[22]   , , , , 

, 14
WTCS 2018 , pp. 153--156, (2018-09)  

[23]   , , , , 

, , 
CPSY2018-20, pp. 115--120, (2018-07)  

[24]    ,  ,  , 

, 53
, 

, 2018-BIO-53 (12), Mar. 2018  

[25]    ,  ,  , 

, 41 , 
1P-0792, Nov. 2018  

[26]   
, 

Green-Kubo  - 
, 55 , 

G315, 2018.05.31  

[27]   Kie Okabayashi, Detailed investigation on 
vortices in turbulent flow above zigzag riblets , 

50 36

 AI-
AA/JSASS , 3A08, 2018.07.06  

[28]   , Get Immersed! ,  
2018, 2018.09.05  

[29]   , 
, 

 2018, 2018.09.05  

[30]   , 

,  
2018, 2018.09.05  

[31]   , 

,  2018, 2018.09.06  

[32]   , 
, , , 
-

,  2018, 
2018.09.06  

[33]   , , 

, 19
, 2018.10.18  

[34]   , 

, 32
, D08-2, 2018.12.12  

[35]   , 
MOF

, 
32 , E11-1, 
2018.12.13  

[36]   , 
, 

32 , E11-4, 
2018.12.13  

[37]   
, -

, 32
, E11-2, 

2018.12.13  

[38]   , 

, 32
, A11-3, 2018.12.13  

[39]    , 
, 2018



― 85 ―

 

 

, 2018 9 25  

[40]   Kunichika Tsumoto, Narumi Naito, Takashi Ash-
ihara, Akira Amano, Yoshihisa Kurachi, Cellular 
mechanisms underlying anisotropic conduction in 
ventricle; insights from computational models , 

65 , Jul. 
2018  

[41]   , , , 

( 6 ) -
- , 2018

, 3A(T)51, 2018 9  

[42]   , , , 

( 7 ) -
, 2019

, L20, 2019 3  

[43]   , , 2

, 2018 , 
127, pp.1-3, 2018  

[44]   ,  Batchelor 
, 

32 , 
D07-1, 1-2, 2018  

[45]   , , , 

, 2019
164 , 2019.3.20  

[46]   , , , , 
/

, 35 /
36

, 3C13, 2018, 7  

[47]   , , , , 

/ , 32
, A10-5, 2015, 12  

[48]   , , , , 
, 

Waverider , 62
, 2F12, 2018, 10  

[49]   , , , , 
, Waverider

, 30
, 2018  

[50]   , , , 

, 62
, P12, 2018  

[51]   , , , , 
, 

3-D 
LES/RANS , 

72 , D12, 2019  

[52]   , , , 
Artificial Thickening Flame

, 56 , 
2018/11/14  

[53]   , , , 
, 

,   72
, 2019/3/14  

[54]   , JOURDAINE Nicolas , , 
, , , 3

, 56
, B132, 2018.11  

[55]   , , , 
, 

, 102 (2018), pp.6-7, 
Apr. 2018  

[56]   , 
, 

, 
2018 5 11  

[57]   , 
, 10 28  

, 2018 9 7  

[58]   , 
, 

 , 
No.16, 2018 10 19  

[59]   , , , , 
, Green-Kubo
 - , 

55 , G315, 
2018.05.31  

[60]   , , , , 

, , 2018.09.05  



― 86 ―

 

 

[61]   , S=-1
QCD , 74

, 2019 3 14-17  

[62]   , , , , 
, , , , 

, , 

 
, ME

, , 2018/3/4-6  

[63]   , , , , 
, , , , 

, , 

38
, 38

,  

[64]   , , , , 
, , , 

, 38 , , 
 

[65]   Shin Inada, Nitaro Shibata, Takashi Ashihara, 
Takanori Ikeda, Kazuo Nakazawa, Simulation 
study of excitation conduction using 
three-dimensional atrioventricular node model , 

57 , , 
2018/6/19-21  

[66]    ,  ,  ,  
, DNS

PIV
, 

2018 , C211, 2018 10  

[67]       
  , N2  Au 

X
, 35

 , 2018/12/4  

[68]    ,  , 
DNS , 

 2018, Sep. 2018  

[69]    ,  , 
, 

 2018 , Sep. 2018  

[70]    ,  , 

, 32 , Dec. 
2018  

[71]    ,  , 
DNS , 

62 , 
Dec. 2018  

[72]    ,  , 
, 

  56 , Mar. 2019  

[73]    ,  , 
,  

 56 , Mar. 2019  

[74]   , , , , 
Nd2CuO4 3d/4f

, 
2016 66

, 11p-S423-7  

[75]   Yusuf Wicaksono, Halimah Harfah, Koichi Ku-
sakabe, In-plane Magnetoresistance of Gra-
phene in Ni/Graphene/Ni Spin-valve-like Struc-
ture: A New Prospective of Spin-logic Device , 

2016 66
, 11p-M101-20  

[76]   Halimah Harfah, Yusuf Wicaksono, Muhammad 
Aziz majidi, Koichi Kusakabe, Influence of 
Stacking Arrangement of the 2D Materials-Based 
Spin Valve on Magnetoresistance Performance: A 
First Principles Study of Ni/hBN/Ni Spin Valve , 

2016 66
, 11p-M101-21  

[77]   , , , , 

DNS , 55
, 2018 5  

[78]   , , , , 

, 2018
, Paper No. J0520402, 2018 9

 

[79]   , , , , 
, , , , 

, 30  
, STEP-2018-066  

[80]   , , 
, 

, vol. 118, no. 399, LQE2018-170, pp. 
119-112, 2019  

[81]   , , , Mg <a>



― 87 ―

 

 

, 2019
, 2019 3 20-22  

[82]   , , , Ti-V 

, 2019
, 2019 3 20-22  

[83]   , , , , 
, 

, 
30

, 2019 3 10  

[84]   , , , , 
, 

, 30
, 2019 3

10  

[85]   , , , , 
, 

, 
30 , 2019 3

10  

[86]   , , , 

, 31 , 
2018 11 23-25  

[87]    ,  ,  , , 

, 
 (CAS), vol. 118, no. 295, 

CAS2018-74, pp. 115-119, 2018 11  

 

 

[1]  Y. Fujimoto, Design and Analysis of Car-
bon-Based Nanomaterials for Removal of Envi-
ronmental Contaminants , Wiley-Scrivener Pub-
lishers, USA 2018, Nanotechnology for Sustaina-
ble Water Remediation, Chapter 9, pp.277-300. 

[2]  Yutaka Yoshikawa, Wind-Driven Mixing Under 
the Earth Rotation , Elsevier, 2019, Encyclopedia 
of Ocean Sciences(Third Edition), pp.586-590  

[3]  , OC , 
, 

, 2016 3 , 109-4
SEEDS  

 

[1]  , 
, Cyber 

HPC Symposium 2019, 2019 3  

[2]  Hajime Ashida, Tomoki Matsuda, Tomokazu Sano, 
Akio Hirose, Multiscale analysis for clarifica-
tion of silver  alumina bonding mechanism , 
Columbus, Ohio, USA, Oct-18  

[3]  K. Ueno, T. Umeda, Y.Baba, H.Tsubata, T.Nishi, 

multilayer CFRP panel with a conductivity matrix 

on Electromagnetic Compatibility & 2018 IEEE 
Asia-Pacific S2018 IEEE International Sympo-
sium on Electromagnetic Compatibility & 2018 
IEEE Asia-Pacific Symposium on Electromag-
netic Compatibility (EMC/APEMC), Singa-
porymposium on Electromagnetic Compatibility 
(EMC/APEMC), May-18  

[4]  , , , Y. Duguet, 

, 64
, Mar. 2019  

[5]  , , , 
, 63

, Oct. 2018  

[6]  T. Nimura, T. Kawata, and T. Tsukahara, 
Self-sustainability of turbulent stripe in rotating 

plane Couette flow , 12th European Fluid Me-
chanics Conference (EFMC12), Sep. 2018  

[7]  Y. Duguet, T. Tsukahara, T. Ishida, and K. Kunii, 
Transitional regimes of annular shear flows , 

12th European Fluid Mechanics Conference 
(EFMC12), Sep. 2018  

[8]  Y. Duguet, T. Ishida, K. Kunii, and T. Tsukahara, 
Spot morphogenesis in annular shear flows , 

Euromech Colloquium EC598  Coherent 
Structures in Wall-bounded Turbulence: New Di-
rections in a Classic Problem, Aug. 2018  

[9]  K. Nitta, M. Muto, K. Yamamoto, M. Motosuke, 
and T. Tsukahara, Study on an in-tube liquid 
column driven by photoisomerization using 
OpenFOAM , Water on Materials Surface 2018 
(WMS2018), Jul. 2018, C-08  

[10]  K. Yamasaki, T. Tsukahara, and I. Ueno, Nu-
merical simulation of the flow patterns induced by 
thermocapillary effect in a liquid film with vary-
ing volume ratios , Water on Materials Surface 



― 88 ―

2018 (WMS2018), Jul. 2018, C-02

[11] T. Tomioka and T. Tsukahara, DNS of plane 
Couette flow with roughness in the transitional 
region , DNS of plane Couette flow with 
roughness in the transitional region CCM13), Jul. 
2018

[12] M. Hanabusa and T. Tsukahara, DNS of parti-
cle-laden turbulent channel flow in transitional 
regime , In: Abstract of 13th World Congress on 
Computational Mechanics (WCCM13), Jul. 2018

[13] , , , 

, 20 , Jun. 2018

[14] , , , , 
, Ca2RuO4

, 
2018 , 

2019.3.10

[15] , Get Immersed! , , Vol.38, 
No.6, pp.503-506, 2018.12

[16] , 

, , Vol.58, No.242, pp.16-21, 2018.12

[17] , 

, 
, 2019.01

[18] Yutaka Yoshikawa, A numerical simulation of 
surface waves, wave-current interaction, and 
Langmuir circulations , The 10th International 
Workshop on Modeling the Ocean, 2018 6
25-29

[19] , Deep learning network by efficient 
discretisation of stochastic differential equation , 

, 2019/2/12

[20] , , , 
, 

, 63, 10, 684, 2018

[21] , , , , 

, , 2019
3

[22] , , , 
(ATR-FUV) 

, 
86 , 2019 3 27

[23] , 2 
& , 2019

, 2019 3 16

[24] LAW King Fai Farley, Generation of an-
ti-parallel kilo-tesla magnetic field and particle 
acceleration with laser-driven snail target , 12th 
International Conference on High Energy Density 
Laboratory Astrophysics, , 2018/5/31

[25] LAW King Fai Farley, Non-thermal particle 
acceleration through magnetic reconnection in la-
ser-driven curved target , HZDR&ILE&QST 
Workshop, , 2018/11/27

[26] LAW King Fai Farley, 
, UJI Re-

connection Workshop 2018, , 
2018/11/28

[27] LAW King Fai Farley, 
LFEX

, 35
, , 

2018/12/3

[28] LAW King Fai Farley, Magnetic reconnection 
experiment by intense laser irradiation of curved 
target inner surface , 74

, , 2019/3/17

[29] LAW King Fai Farley, Laser-driven magnetic 
reconnection and particle acceleration by 
snail-shaped target irradiation , 61st Annual 
Meeting of the APS(Division of Plasma Physics), 

, 2018/11/9

[30] , 

, Cyber 
HPC Symposium 2019

, 2019 3 8

[31] , FITE
, , 2018

9

[32] Y. Taniguchi, Study of energy-momentum 
tensor correlation function in Nf=2+1 full QCD 
for QGP viscosities , Kellogg Hotel and Con-
ference Center, Michigan State University (USA), 
July 26 2018

[33] Baba, Measuring of chiral susceptibility using 
gradient flow , Kellogg Hotel and Conference 
Center , Michigan State University (USA), July 
26 2018



― 89 ―

 

 

[34]  M. Shirogane, Equation of state near the first 
order phase transition point of SU(3) gauge theory 
using gradient flow , Kellogg Hotel and Con-
ference Center , Michigan State University (USA), 
July 26 2018  

[35]  , QGP
Nf=2+1 QCD

, , 2018/9/16  

[36]  , Thermodynamic quantities in the Nf = 
2 + 1 QCD; the case of somewhat heavy ud 
quarks , , 2018/9/16  

[37]  , QGP
Nf=2+1 QCD

, , 
2018/8/28  

[38]  , 2+1
QCD  -- 

, , 
2018/8/28  

[39]  , QGP
Nf=2+1 QCD

(II) , , 2019/3/15  

[40]  , 
2+1 QCD , 

, 2019/3/15  

[41]  H. Yoshino, Glass transitions of patchy colloids 
in large-d limit , Unifying Concept in Glass 
Physics VII, June 14th, 2018  

 





― 91 ―

 2 1  1  1  2  3  4 
1 2  

3 4 

 

2018 11 Dallas

SC18

 

 

SC

SC The 

International Conference for High Performance 

Computing, Networking, Storage, and Analysis

IEEE Computer Society  ACM 

SIGARCH 

(HPC)

SC HPC

1

SC 30

13,071

2000

19  

2018 SC SC18

Kay Bailey Hutchison Convention Center 

Dallas 1

11 12 17

SC 2000

2 2

 

 
1  

 

11

20

SC18

2,000,000

1,000,000

3 ballroom

88 1,750 9,816

391

  

 

7 1

4 11

2  



― 92 ―

 

2 SC18  

 

 

11 12 15 4

ID

436

2017 526

2015 399 2016 411

1

436

10

SC

 

3

58 253

17 73 10 45

10 43

 

 

3  -  

 

 

  SC18

 

 

(1)  About Us: Cybermedia Center, Osaka University 

 
 

 

 

    

  

     

  

  

  

                    
 

 

 

  

                    

 

 

  
 

 

  



― 93 ―

IT

 

 

4  

 

(2) Large-scale Computing and Visualization Systems at 

the Cybermedia Center  
 

 

 
5  

 

2017 12

OCTOPUS

 

 

(3) Secure and High Performance Data Analytics in 

HPC/Data Center  
 

Mapping

Reducing MapReduce

CNN

 

 
6  

 

 

 

 



― 94 ―

(4) Novel Mechanisms to Support Scientific 

Visualization on TDW  
 

TDW (Tiled Display Wall) 

TDW

TDW

SAGE2

TDW SAGE2

 

 

7  

 

CMC TDW

Jason 

Leigh AIST Jason Haga SAGE2

 

 

(5) Access Control Based on Dynamic Network 

Management toward Connected-HPC  
 

HPC

IoT

IoT HPC 

 

 

 

 

8  

 

(6) Dynamically Optimized Interconnect Architecture 

Based on SDN ( ) 
 

Software-Defined Networking 

(SDN) 

SDN

OpenFlow

 

 

9  

 



― 95 ―

436

SC

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PDF

 

 

 

http://sc. cmc.osaka-u.ac.jp/ 





― 97 ―
 

 

  

 2018 8 20 24 5

(SuperCon2018)

12

10  

2 3 1

3

 

2008

  

  1995 1 2005 11

(Global 

Scientific Information and Computing Center:GSIC)

2006 12

(Cybemedia Center:CMC)

50Hz 10 60Hz

10

wiki

5  

2007, 2011 CMC SX-8R 2009  

SX-9 2015 2017 SX-ACE

 

  2018 5 30 SuperCon 

web 

6 15

2018

  SuperCon web 

2

1  

2 3  

 

 

TSUBAME3.0

GPU

 

2

4

 OB



― 98 ―
 

 

  

 

  2019 8 19 23 5

5 29

6 14

GSIC TUBAME 3.0

 

SuperCon2019

 SuperCon2020

 

 

 

https://www.gsic.titech.ac.jp/supercon/ 

  

  



― 99 ―
 

 

   

 

FAQ  

 

OS  Unix 

 OpenMP, MPI 

Gaussian  AVS 

 14 15

(2018  14

)

web 

 

 2

6

 9 10

 

Gaussian  AVS 

 

 

 

1  14

 1/4 

 

OS  Unix 



― 100 ―
 

 

 

 

 

OpenMP  MPI 

HPF (High Performance Fortran) 

AVS, 

Gaussian 

 

 

 

  

 web  

http://www.hpc.cmc.osaka-u.ac.jp/lecture_event/lecture/ 

 

 

  



― 101 ―

  
 
 

  

1 
 

 
6 18  

13:30 – 15:00    
  

2 
 
 

6 20  
13:30 – 17:30

   
   

  

 2  
 

3 
SX-ACE 

 
6 24  

13:30 – 17:30
( ) 2  

 

4 
 
 

6 26  
13:30 – 16:30

( ) 2  
 

5 
SX-ACE 

(MPI) 
6 25  

10:00 – 16:30
( ) 2  

 

6 
 

 
8 29  

13:30 – 15:00    
 7  

 

7 
 
 

9 5  
13:30 – 17:30

   
   

  
 

8 
SX-ACE 

 
9 11  

13:30 – 17:30
( ) 

 

9 
 
 

9 12  
13:30 – 16:30

( ) 
 

10 
SX-ACE 

(MPI) 
9 19  

10:00 – 16:30
( ) 

 

11 AVS  
9 25  

10:00 – 16:00
( ) 

 

12 AVS  
9 26  

10:00 – 15:00
( ) 

 

  
 
 

  

13 Gaussian  
8 21  

13:00 – 15:00
   

 



― 102 ―



― 103 ―



― 104 ―



― 105 ―



― 106 ―



― 107 ―



― 108 ―



― 109 ―



― 110 ―

HPCI(High Performance Computing Infrastructure)
(HPC) HPC

2012 10

 

   

 
 SX-ACE  

 
 SX-ACE  

 
 SX-ACE  

 
 OCTOPUS  

 

 
OCTOPUS  

 
 
 

OCTOPUS PbO2  

 
 
 

OCTOPUS  

 

 
 

 
VCC  

 
 

 
OCTOPUS  

 
 

 
OCTOPUS  

 
 
 

SX-ACE  

 
 
 

OCTOPUS  

 



― 111 ―

8

22 4
 

Web

 
2019 65

58 12

   

 
 QCD   

 
   

 
 

High performance simulations using FreeFem++ on mixed 
distributed-plus shared-memory architecture  

 
   

 
 

QCD
  

 
 

(AI)
  

 
  

 
 

 
   

 
   

 
   

 
 

State following of amorphous soft condensed matters : 
developments of high-performance computational schemes  

 
 

GPU
QCD   



― 112 ―

(JHPCN) (HPCI)

2018
7  

  

 
   

 
   

 
  

Vlasov–Fokker–Planck–Maxwell

 

 
  

 

 
   

 
  

Z3  

 
  

Nf=2+1 QCD
 

 



― 113 ―

2019 14  

Marcus Carl Wallden  
  

Effective Load Balancing for Distributed Large-Scale Volume 
Rendering Using a Two-layered Group Structure 

 
   

 
  

(ATR-FUV)
 

 
   

 
   

 
   

 
  

MD PPI
 

 
  mSin3  

 
  

 
 

 
   

 
  

 
SU(3)  

 
  

 NOx CO2
 

 
  

Nf=2+1 QCD
 

 
  

3



― 114 ―

2018 4 2019 3  
Web  

http://www.hpc.cmc.osaka-u.ac.jp/faq/ 
 
 

 
WEB

 
 

( ) 
https://manage.hpc.cmc.osaka-u.ac.jp/saibed/ 

 
 

 
( )  

http://www.hpc.cmc.osaka-u.ac.jp/service/basic_resourceadd/ 
 
 

 
WEB  
     

Mail: system@cmc.osaka-u.ac.jp 
TEL: 06-6879-8808 

 
 

 

 
 
 

 
scp  

 abc  sample.c b61234
 

 
scp ./abc/sample.c b61234@localhost: 

 
 



― 115 ―

MPI   
MPI

 

MPI-IO MPI
 

 
(FAQ)MPI 1  
http://www.hpc.cmc.osaka-u.ac.jp/faq/20170519/ 

 
 

Mac OS Xwindow /  
XQuarts Xwindow  

2  
 

1. MacOS  xterm XQuarts 2.7.10 iglx 
 

 
$ defaults write org.macosforge.xquartz.X11 enable_iglx -bool true 
 

2. SSH  X JavaFX
 

 
<.ssh/config > 
 Host * 
 Compression yes 
 ForwardX11 yes 
 Ciphers blowfish-cbc,arcfour 

 
 
 

EXT  
EXT

Disk quota exceeded usage_view
 

OCTOPUS home work home
10GB

work  
 

SX-ACE/VCC  
http://www.hpc.cmc.osaka-u.ac.jp/system/manual/use_filesystem/ 

OCTOPUS  
http://www.hpc.cmc.osaka-u.ac.jp/system/manual/octopus-use/filesystem/ 





― 117 ―

SX-ACE PC OCTOPUS

2018





― 119 ―



― 120 ―



― 121 ―

 
17 

11  
 

(SX-ACE)  
(A)  

  
185,000  1  

 
(B)  

 

  
10  5,700  
50  28,500  

100  59,700  
150  89,500  
200  125,100  
250  156,300  
300  196,100  
400  272,800  
500  369,400  

 
 
 10  

 5  
10%  

  
 1 500GB  
 (A)  
 (A) 2 1  
 (A) 10 3  

1 1/10  
 (B)  

 
 

 
(A)  

  
320,000  1  

 
(B)  

 

  
10  3,500  
50  17,500  

100  35,000  
150  52,500  
200  70,000  

 
         
 10  

 5  
10%  

  
 1 500GB  
 (A)  
 (A) 2 1  

 
 



― 122 ―

 
 (A) 10 3  

1 1/10  
 (B)  

 
 

SX-ACE PC   
  

10,000  1TB 
 

         
 10   

 5  
10%        

      
  

 
 

OCTOPUS  
(A)  

  
191,000  CPU  1  
793,000   GPU  1  
154,000  XeonPhi  1  

 
(B)  

 

 OCTOPUS  
10  1,000  
50  5,250  

100  11,000  
300  34,500  
500  60,000  

 
(C)  

  
3,000  1TB 

 
         
 10   

 5  
10%        

      
 1 1TB  
 (A)  
 (A) 2 1  
 (A) 10 3  

1 1/10  
 (B)  
 OCTOPUS

0 1
 

  

 
WEB  

 
 (C)  

 (C) 250TB  



― 123 ―

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

  
 

  
 

  

 
  

 
  

 

   

 
 

  

 

 

 
  

 
  

 



― 124 ―



― 125 ―

CPU  

GPU  

 
Xeon Phi  

 
 

 



― 126 ―

 

 



― 127 ―





― 129 ―

 

 
 

HPC  
 

 
1.  
2.  
3.  
4.  

 
5  

 
 

 
Microsoft Word2010  

A4  
40 18.2 pt 1 2  

MS 10 pt 
MS 14 pt   Times New Roman 

MS 10 pt  
 

20mm 20mm 20mm  
 

15mm 17.5mm 
 

 
 

  Times New Roman
 

 
    “ ” “ ” “ ” “ ”  

Microsoft Word
PDF  

 
zyosui-kikaku-soumu@office.osaka-u.ac.jp 

HPC  
35MB CD-R

 
 

 
 

 
 

 

 



― 130 ―

1
06-6879-8804

   zyosui-kikaku-soumu@office.osaka-u.ac.jp

 http://vis.cmc.osaka-u.ac.jp/

 https://portal.hpc.cmc.osaka-u.ac.jp/portal/

 http://www.hpc.cmc.osaka-u.ac.jp/

 E-mail: system@cmc.osaka-u.ac.jp

    PC 24 365

PC

1
06-6879-8980,8981

   zyosui-kikaku-kaikei@office.osaka-u.ac.jp

   
   
   06-6879-8808,8812
   system@cmc.osaka-u.ac.jp

   
   1
   06-6879-8812,8813
   system@cmc.osaka-u.ac.jp

 8:30 12:00

13:00 17:15






	No.9表1
	No.9-背
	No.9表2
	サイバーNo.9-本文
	No.9表3
	No.9表4

