goooboooobgon
0 1808 0 20120 73-77

sl % 52 HABER FEH D
ST BE S 2 BlE 7L

A
FRRAHELRIIZER
Ken H. Nagai
School of Science, the University of Tokyo

1 @Bl

L7 R E—ERDORED BITE W CIEBICHAE - L EEESBEHE I N
T3 [1). TORIESREREEICL»ENICL> TR I INS b
TR%ZL, HADENEBEOL EMHEEATAZ LICk-oTERINS. B
TR <, Ny O, YR SRR B A — L DL CERO B
RPMESNTRD. FLAEY PV 74— X = 3 v [2,3] REY DR LM
BT 224 7 0F 2 — 7T OBEGEG ERED X A =X L2 &> TH &
CENBHEODDMBANEDE STV 5 [4-7].

CD &) BERESHOHTHMAEYES B L CILEMEIC K> CEI &
BIINZ2HDOVLCMEINTVS. FIZIEVA 27Uy 7 AMP itk 35
RAMERTE D 2 A 7 WIREIROTER B\ F 5 5 [8]. % HMEE I LEME
X SRR R TH I TR, Z OREB)IC L 538 — VTR
LM E B OBV o 05 FUBIEBRIC X > THHI NS 9,101 20
MEE DY — VTR ABADERRDORBEMBIC L > TH ER I IN B0,
ZDHEBEDNY — v O S G I NS 1 D ERRI{LEWE I X B HE
ERD X S i@,

BAEYEE)I AW EIC X BB TR, BRI X 2HEEH
b8 < . ¥L4E Drescher 5 1< & o CKRIGHE O MEHGEE I 8\ > TEZEMHEEEA
BREBNZROIEDVEREINTED, ZOHEBIEETERV [11]. 20
£ BEEMEEERICOWT, MOMEAEERL LICEESIHEBNICE
C35ZEDVicsek SIZ XV EEBEFTLVE2HAWTREN, MEKELER2B
O3 [12,13].  OREDHEERE O RERIY 2 HERR IR S oIz X - C
MO TITON [14], 77 P IF L VR 2AVTES EORZLHIRICE W

*e-mail: nagai@daisy.phys.s.u-tokyo.ac. jp



THZDREEVHER I N [15]). DR BWTHEEPERINI LD D
D, MEYDOERET DN T 7 4 VLADHEE E L DD Y KW ICHIREX
N3 [16]. A IZID &I REEBEEMERIC L > TR 28ERIC OV T,
RAOF 2 —TEFTAVICEBE—T 4 VT 4T vEAREACTHA
DHRFEHRA L. w4 7uFa—TDREZ B3 IhFTIIHEIN
TLEEVES L B, AENRROKRT Y -4 /uFa—T7
o THRENS. NIl A 70T a— T OEHRER, v 7uF2—
TR @ AR 2 EBRIICHS I L, REIRETZNS 2 ER L 1 H
BEFLEZAOTNRY —VOWRA A =R LE2HSIC LI (17). ki “E
YIRS B T 2RSS L UBET 2HR HAKIKBLTING DGR
IDWTIRE L 7.

2 FIEBETI

“WFFEL»r2TFy VHEERT 37, SEBHOMEIRIEOHEIRREZ
o7 L) 2 00BMNEDEERIEZ BRICANEEE T L2 HEEL, &
DIEFEA A = AL Z2oT. TOhoDHEZRFOROBHELBEE TV
ELTRTDEIRIDPBEZLND.

d:ni

Tl (cos 0;,sinb;), (1)

do; A .

e w; + —Z Z sin2(6; — 6;), (2)
|;—xi| <1

dw; _wi .

= &), (3)

CDEFNIZBVRTIRA 70 F 2—T2EZ 1T, FANGEET HRF L&
2, BRFOMEE x, £ T5. BEZME L TORNLTRD &) BHAEE
ARV E2E£Z 5. FATFRER1IACVINTFLRYF v 7HEEA
255, HEERDOBEIZ A/n, TH Y, n; \IRTF i LAEEERT AT
#£Y. $-EEMOMEOMEBEEERL, ¢, (SEERME r oBFE ) A X w, D
BELERIT B, T TE() I < &(t) >=0, < &(4)E(s) >= 026;;6(t—s) %
WrThRIA L) ARTHD. ELS; Z7 Ry A—DFLY, 5t —s)
BF4 5y 70FNIEEEET. BUEOHMFEL 9 LERINS O, L
LR FOMBIREVEICZ > C r DIHEEREZR>. 9 A =01, w DTH
1702 =003 LEEL, T LVEERNTFEEp D222 TA-F LTS,
COBKFERMBZRIICRT I COMAT 5. LRGN FEEDRAF Y 7
vay b EFRL, TRIZBIBITTD exp(219) DFEHOMHEMETH 5. FHOE
By I 2L —a VBt =100 FIC W AN FOFE E L. TRIIFEAT
IR F v 74— —NEDBREHZ0ERLTVS. M1IKERSN5 L)
WWEEINE WL (p=0.1) E—E T VT LY -V BEHPREL (p=1),

74



(c-1)

(a-2) (b-2)

B 1. FEE (LX) LBk R vy 74— — (TR). ¥ T2l —va
Y HEIBIE 512 x 512. (a) p= 0.1, 7 =1000. (b) p=1,7=1. (c) p =1,
7 = 1000.

THNE WV (1 =1) E—RRAR2TF v IR =V BENPREL (p=1), 75
KEV (7 =1000) &BDEFEEIEL 5. EERICHIRT 29 X —F %2
W3 ERDETFERDBEL 52 Lo, BRED r Lx~F v JHEERD
KR TRONBZNY—VDRA DAL TH B Z Lsbd o7,

3 SRICDOWT
oc=o09/T £ELT71—0DHBREES &5 (2.1)-(2.3) &
dmi

e (cosB;,sinb;), (4)
d6; A .
- =mH+ = > sin2(8; — 6y), (5)

b ey —ws| <1

35, ZTTnt) i <n(t) >=0, < ni(t)n;(s) >= 056;;6(t — s) itz
THRIA L) AXTHS. 24U Ginelli 5235 L T2 25 v 7 HEE
xRS BEMTOREE FVICHET 2 L E2 6N 5 (18] B 7 2
WIRIZ R 22 F v IR — U REEDOB VNV FRE 18] IKHESINT
WBERY—VBEL D, L LS [17) G LHRTIE r 0 0/IRT
EFRT—RAReF v 7 8Y =V LB, ZiUd 17 R TR w O ro?
Z—E L LTHHZ#H 720, 1 VNI LIFEEWIZ/ A AORIES /N E L
RoTLEILDELEZOND. 22 Tr BPRECHKIPUEDME—E, 7
DPNEVBHCIE ) A AOKRES~FEEB B EIICT? = £ —E L LIk



DR AEBRERH TWS. T 2HVS L 7 A I ORI [18) KfiEZh
TOLLHRE T LTINS,

$ERO r BNTFOEFBHCED L) BREELZEZ Z00HFARE D
CREPHEGL L EFEEERR 2 RAT WS, FEE LTI Bertin Z3H 7=
HEZTCEHELTR->T\w3 [19. ZoXMFP b FoRESHEEERZ
Ry 2 v OEEREZ W b L, BTF%E R RLF &85 A D45
D 2 2% AT Viecsek €7 NVOBFF LR ZIT> 7. TDHEIC K % #EfE
BRI TTDET I EFBIC LIS HoTEY, RELFINZIND TS, HKL
DETF VTR TFEBEEERIERA~F v 7HEERATH 2 7-0 LD 2 5%
KN X exp2(i0) DRI R FEEETH B2 F v I A —F =R X -5 %%
BT 320ENH 2. $BHHED ) 4 ADBEROEEKE2E 27D w D
R 2 EP T8 LN T 2B BVBBBICRD LEZOND. w i
Bl CREREAICNTIERZLMNEL LS. BELROHER w BB L RV
ETBE, BRIZEODNFOHANE S I IDIIIRFOREFD w DEINZ
(LS TR RSB, ZOTDEEREDFIENIC w DTHEERICANS HE
BHBHEEZLND.

SE B

[1] Vicsek, T. and Zafeiris, A, Collective motion, Phys. Rep., (2012), 1-70.

[2] Nédélec, F. J., Surrey, T., Maggs, A. C., and Leibler, S, Self-
organization of microtubules and motors, Nature, 389, (1997), 305-308.

[3] Surrey, T., Nédélec, F., Leibler, S. and Karsenti, E., Physical properties
determining self-organization of motors and microtubules, Science, 292
(2001), 1167-1171.

[4] Tindemans, S. H., Hawkins, R. J., and Mulder, B. M., Survival
of the Aligned: Ordering of the Plant Cortical Microtubule Array,
Phys. Rev. Lett., 104, (2010), 058103.

[5] Allard, J. F., Ambrose, J. C., Wasteneys, G. O. and Cytrynbaum, E. N.,
A mechanochemical model explains interactions between cortical mi-
crotubules in plants, Biophys. J., 99, (2010), 1082-1090.

[6] Yuan, M., Shaw, P. J., Warn, R. M. and Lloyd, C. W., Dynamic re-
orientation of cortical microtubules, from transverse to longitudinal, in
living plant cells, Proc. Natl. Acad. Sci., 91, (1994), 6050-6053.

[7] Wasteneys, G. O. and Ambrose, J. C., Spatial organization of plant cor-
tical microtubules: close encounters of the 2D kind, Trends Cell Biol.,
19, (2009), 62-71.

76



[8] Sawai, S., Thomason, P. A and Cox, E. C., An autoregulatory circuit for

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

long-range self-organization in Dictyostelium cell populations, Nature,
433, (2005), 323-326.

Ben-Jacob, E., Cohen, I. and Levine, H., Cooperative self-organization
of microorganisms, Adv. Phys., 49, (2000), 395-554.

Kawasaki, K., Mochizuki, A., Matsushita, M., Umeda, T., and Shige-
sada, N., Modeling Spatio-Temporal Patterns Generated byBacillus
subtilis, J. Theor. Biol., 188, (1997), 177-185.

Drescher, K., Dunkel, J., Cisneros, L. H., Ganguly, S., and Gold-
stein, R. E., Fluid dynamics and noise in bacterial cell-cell and cell-
surface scattering, Proc. Natl. Acad. Sci., 108, (2011), 10940-10945.

Vicsek, T., Czirdk, A., Ben-Jacob, E., Cohen, I. and Shochet, O.,
Novel Type of Phase Transition in a System of Self-Driven Particles,
Phys. Rev. Lett., 75, (1995), 1226-1229.

Grégoire, G. and Chaté, H., Onset of Collective and Cohesive Motion,
Phys. Rev. Lett., 92, (2004), 025702.

Narayan, V., Ramaswamy, S. and Menon, N., Long-lived giant number

fluctuations in a swarming granular nematic, Science, 317, (2007),
105-108.

Schaller, V., Weber, C., Semmrich C., Frey, E. and Bausch, A. R.,
Polar patterns of driven filaments, Nature, 467, (2010), 73-77.

Sokolov, A., Aranson, I. S., Kessler, J. and Goldstein, R., Concentra-
tion Dependence of the Collective Dynamics of Swimming Bacteria.
Phys. Rev. Lett., 98, (2007), 158102.

Sumino, Y., Nagai, K. H., Shitaka, Y., Tanaka, D., Yoshikawa, K.,
Chaté, H. and Oiwa, K, Large-scale vortex lattice emerging from col-
lectively moving microtubules, Nature, 483, (2012), 448-452.

Ginelli, F., Peruani, F., Bar, M. and Chaté, H., Large-Scale Collec-
tive Properties of Self-Propelled Rods, Phys. Rev. Lett., 104, (2010),
184502.

Bertin, E., Droz, M. and Grégoire, G., Boltzmann and hydrody-
namic description for self-propelled particles, Phys. Rev. E, (2006),
74, 022101,

7



