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Space-Time Problems in Plasma Physics—Understanding of
“Vortex”

Zensho Yoshida

abstract: At the heart of unsolved problems of plasma physics is often
the challenge of vortex. We have yet to understand whether vortex is a
“thing” or “space.” Here we proffer a theory that associates vortex to
the geometry of space, and apply it to the study of cosmological and
astrophysical vortices/magnetic fields. Classical mechanics provides a
canonical example of seeing vortex as the structure of space; the sym-
plectic group determines vortical motion circulating in the phase space
(cotangent bundle). The vortex of a plasma introduces a spontaneous,
non-canonical geometry, and foliates the phase space by Casimir
leaves. The Casimir invariants can be viewed as adiabatic invariants
derived by coarse-graining microscopic angle variables. This picture

enables us to describe scale hierarchy as a foliated phase space.
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Statistical Views on Historical Events and the Development
of Methods of Inference

Masafumi Akahira

abstract: In the article, we give statistical views on the occurrence of
historical events like the Tohoku Earthquake causing an unprecedented
natural disaster. In a history of statistics, from the end of 19th century
to the beginning of 20th century, the most important discovery of the
methods of statistical inference was made, and they are still widely
used. In particular, we take up the chi-square goodness-of-fit test by K.
Pearson (1857-1936) and the method of inference based on Student's
t-distribution by W. S. Gosset (1876-1937), and further discuss recent
results on the higher order approximation to a percentage point of the
non-central #-distribution as the basis of the latter. Both of the methods
of inference are usually used in statistical inference and data analysis,

etc. even now.
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LoNhb L, ZOBENERTORBENMy, (K1) &
A7 LT, KrROSEHRABERLZEETS G 7H2R).
VA 5 e VSR (T NAOY 2P S b YL /Al B s R i1 o RN/ B 1 R
LU, ZOWEICBITLENNY -5 ENTH L. hiTRE
W 0SS T 5 726, 30 [E— % k2 &
DALSMINC S B, L72h5> T, BEICIEY — ¥ EiidE
MEMIZ—L 2\, SELENICEE DB VIZEFE L v e R
By ENLv. DIFTH, 30 midk R —8 L
CERIFORBEN yo IZHFE LW ERLT. —RICKIFOE
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Wi TR FREPO A F » L BRI H B &
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(a), ¥—2E N E ZIRANRO 720 ICEKR HFIIZE T 5 (b).

SRS R EE OB £ )i £ 2 id, B CEFOREBI, K
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EDHRIREC 2 B, T ER EENOEY & INEE
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F250.01 M D 1 FRREEMRE P (1/k=3nm) IZFET S
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DR TRE WV, W OBZIKRENAIEIC BT 255 E S
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BiF s Lidzw Y Lad, £—yBELMMEE 2T,
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Thb. 52, WFEEIER EENOELE L) KE
WIRE, DI, A F YEPRT OB, ok s
LG AR 5 X912 b (K3(c)).

DUF Tk o E ks 2 8% 5 . sHES A5
Wi, KiFOAE = FUL/NSSHERBBORKESE
BT 5. B, - BNV ERTOAL—F
BRELLDZVHBIBT 5 &) IR D 720K F D A
V— FREEITb %5, UL EQHEBXIKIBIE &
LR (u=UE). Kir»8< & EE oAk GEEMmMETRAE
EARGE) & A F YO THFE DT, WRIKOEE ulr) &
A4 v OFEE ve(r) ORITIIN T 2R EN 2D, RiT
DAY — FAVNE VDT, ulr) 2R 5 Navier-Stokes D
AU DWW TIE, Reynolds #( A3/ & v & X O Stokes I LAY
WHTE%. 12720, BEA A+ OFEETERL 2T
X% 59, EHEFRICH 3 5 Stokes I 1L @ Navier-Stokes

SR RS VR OESIKS) & FEHA AR
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ONRFZLLTFD L H 2% 5.
nAu(r) =Vp(r) —kTVin (r) +n-(r)t = pa (r) Vi (r) =0 (8)

N XIS OREE, p(r) IZF )1 TH A, @K D Navier-Stokes
OROEE, ZOROEDIFIHEFE2HOATH L)
AF YPFAET A72010, BIHEFAHEIIMD L. 2
HEFEIHIIFNAROF G XKL, BHIHITZZDHI HOD
A+ VRBEOTG TH A, FHATUIA 4 212 & 2 EM
pa(r) WEG (=Vy(r) 52T 512K L TS, (8)
NICHLT L5404 VB En(r) & By () 12712
) B L OTHEMYO (r) ERAY, SBESROFR
At 8) AOFEIHEFAHDPAFAET 572012, Wik
OWEu(r) 122 T, A4 VBEr(r) BNy %R
DRI R LT, MEER - wRbDERSL, LA L
FEZE, A4 VEE () EEOy () 2RI a6
FE i, A 0BT ERT ¥ v Via(r) =
tzey(r) +kTnn=(r) BE T pa(r) =zetn (r) —n- (Mt % H
Wo e (8)RIZLLFD &5 IZHEHIZ A %,

nAu(r) =Vp(r) —in.(r) Vii.(r) +n-(r) Vi-(r)} =0 (9)

Q) RXoftlz, E5ITAF ORNLEEL TR
S5, A F VOFEBF v, (r) IZRXATEZSNS.

ve(r)=ulr)— %ﬁ Vi (r)

=u0)—%;{imﬁw09+ijg§%%} (10)

IelIZB A F v EEA F v o|BiRETH S, 10) i A
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CDEHI, BRILERF VY v VOGRS SO TR
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D)X F THEE LS NS LR Z1S5 2 EDSATREIZ 72 o
TL 5.

Yt a DROBGE, BEFEMAZEROFLIIED, ELr
OMOMEOETHE, Ji=(r) IZRD LI IZERES.

Sfi+(r)=TFzeg(r) E cos 0 (12)

7272 L,
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¢()r+——fﬂ0 (13)
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M C & % Hiickel DI (u=2¢:6,0/3n) DfFHN L. WTh
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ARG TIE v, ROTTE LT, u#% zell kT DR ERK
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0 : ' ‘
0 5 10 15 20
el/KT

4 KCUKIAHEH (25°C, &,=78.5, 7=0.891 mPa-s) (2B} 5 IEIZHE L
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KOEND. KE 7 COMIRT pld—E IS <.
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| AR Y s N
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VB p(x) =1—exp(/d). D=EEEOILE, 6=+t 7 A ¥ MyTHORY
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Scaled repulsive force
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Thermodynamic Properties of Plasmas in Magnetic
Reconnection

Ryusuke Numata

abstract: Microscopic particle effects (kinetic effects) play important

roles in high-temperature, low-density, weakly collisional plasmas al-

though macroscopically plasmas are considered as fluids. Magnetic re-

connection is a fundamental process of plasmas where kinetic effects

are crucial. Kinetic simulations of the magnetic reconnection process

by taking particle-particle collisions into account have performed, and

influence of the kinetic effects on thermodynamic properties of plasmas

is discussed.
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Do Black Holes Act as Natural Particle Accelerators?
Tomohiro Harada and Masashi Kimura

abstract: Rapidly rotating black holes may act as natural particle ac-
celerators to significantly high energy. It is an attractive idea to have
natural particle accelerators in the space, as particle accelerators on the
ground have confirmed the standard model of particle physics and are
about to reveal physics beyond it. We argue that high-energy particle
collisions occur near rapidly rotating black holes in rather general cir-
cumstances based on the physical investigation of this idea and discuss

its implications to physics and astrophysics.
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