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In long-range interacting systems such as self-gravitating system, it is known that
relaxation time is quite long. Then during relaxation process in the long-range
interacting systems, quasi—equilibrium state which is independent of initial conditions
often appears. We discuss the models which can describe the quasi—-equilibrium state with
both analytic methods from statistical mechanics and N-body particles simulation. Then
we showed that the density distribution of King model is represented by using Langevin
equation in self-gravitating system. We showed that, in negative specific heat region,
the quasi—equilibrium state in 2-dimensional HMF model can be fitted by maximum state
of non—extensive entropy. On the other hand, in positive specific heat region, we cannot
fit the quasi—equilibrium state with maximum state of non—extensive entropy.
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1. MRS HIOE 5
BN e B % KETHE R
TIL, Bkx 2 A7 — U » ZRIDBEK D SEOFEN
BHINSI LT D, FlZIE 1980 4L
B D KRB 22 GRIAT Y — S DFERN G, SR
W D22 M AR BB E S BR B D B ITAE O
EWIHIRERBNE LN TWS., £2, AT —L
DO/NSUVEEIZBE LT, A —U o ZHIR
AN SnTnsd. Bl 2 138 FERRIZ- DV T
1%, de Vaucouleurs @ 1/4 3 H| (de
Vaucoulers, Annales d’ Astrophysique 11,
247 (1948)) E PRI D, FKEFELE & i)
O OEROMICEAINRY S, HFEICk
WTCITE & &R E BB ORI ALY ST
- T W A (0Ostriker, Stone, Gammie,
Astrophys. J. 546, 980 (2001)).

ZOkOBRBCENRORS—Y U 7H
DRENLIZDUWNT,  F 720 S 405 R
MR I TV, i EIZIE Chandrasekhar
(Astrophys. J. 93, 285 (1941)) I k5 —
XL 2 38 U 72 8% OFEFN, 78R O H
RENTWDD, Z OEMEEM O @R T,
i P SRR D % A0 IE [ L BAE O FH e L
HENIRL, 1IELLEICR S, —HTH
TEBLA L D FE M ERINIE, #IISRIED & 2 B
BRAICHED 5T, R de Vaucouleurs
D 1/4 FHIDALY Lo, F5 P ERIILFE K
BEICE > TWWRWDIZ, 7283t L7 MEn
RONDDNEN) L THEDFET D,
ZZ CHOERICEIT HUHERE, 1
REEDNFER I TWS ., Hom LML, %
FHORREDFIEIC L DT b DRV EE
ZH6N5.

2. WO HB

AW TIEH CEIR, BLXOEERE A
T, RO, BABREAREL, EHESE
Lo R IEE ) R COREREEIR B O 15 %
ERTH. HOEIRIE, REEETIHWE
DHOENHEIN TV AR TIE, RO
LT RN F—EENIED L2EH R
X—0 T2 L0, [RDOHE] 2R,
F7-, BHRT Y p A ERE TR
SEHTH B2, KREQEFH T RV — %
STERFIZENRT VY VORMBEZIED
g1y, MRS T [ARBS] KA
N5, 5L R2ERITEHIREBIZR DHENH
KT, KT 2T MR S U fEIR A HE
frlresd. TxDOWEDOTVI 2L — a0
BT, BRSO SR S S 7ok 11X
HOENIZEDHEOR, Hix 7 Maxwell

A BRA DY XD RS AR
HMNLD o TUvA (Iguchi et al., Phys. Rev.
E 71, 016102 (2005)).

F 72, RUHEES R TIIROFEMIF A IER
ICREWERNLNLTWSD., ZHIXHCENZR
RS, =Rty — FZR° HF 51 &
FIEND —RKIEETAMIZBNTHHHNT
W5, IMF £5 /LT, FRERRE ST 0= %
X —IZBWTHEEHRREEDNFTEL, Ra Iz
TEHDREEICAT L TS ER LN TV D,
DD, BRFRDY I 2L — g TR
RPBEFNCE S T2 O RETHD. £
T, BAxPBERELETFEEEHTD
(Tatekawa et al., Phys. Rev. E 71, 056111
(2005)). FexITZDONIN =T N5z
LN, FORDOH ) =T, I rah
J =TIV D b & T O A E I
BT 5, BiichBZyobPiEE Rz LIz, 2
OFEEZHNIE, RHEBENDREVWZEL T
k2 R E &S, = hr e —, RE
AFRBAEHTE, R MBS
DRBOHE RS THH.

S HICFR &L, MEEERIRRE A GRS 5 FTHE
WRHD LW SND, Hiaxleo Fab—
DETFNZHOWNWT, =T ha B —&2KKIcT
DA A ST A FIEEMET 5. 2o
FHRIZLvEONEoABERE I 2 b —
varv T LREICLY, frxrmr b
E—DFETIVOFIERERTE D, AL
TITRFZRDONEK I 2L — a0 ED)
FHFER LOBREEIEO R = vy, B
CES%R, EEEEROEL & EREEE 3%
WMTH. O EnD, RIEBENRIZEBIT S
YESEHRIRRE DR 1 F OREE -5 .

3. WAk

Rt IR R X BT T e —F
&, GPUZR EOEE T vt ) 2iE M Lk
FHRYI 2=y a rORGEMRE DY
TR ZEED .

e FHFEIZONT, FrxiETmnoT
Boltzmann-Gibbs = b B —MN{i KL 72D
RugAE KT OMEEEEN T 5, Fil-2E K
WEliE% B3 LU 7= (Tatekawa et al., Phys.
Rev. E 71, 056111 (2005)). Z D FikE%EH
WAHZ EIZEY, VAT ARERICE ST
EYMEHWTHZ ENTE S, K2R T
BUGEREEZS R L, Haxlro hrbE—%
TR L ChHMATED L HIc Lz, #H
Blo—>L LT, FEMEMNZ e —Th
A Tsallis = ko v —(Tsallis, J. Stat.



Phys. 52, 479 (1988)) 25 L7-.

F7=, HAiEEOH#EIZ OV T, Langevin
FREXEHAV, ZRROFELEZE L-TCHE
A5 2 Lick v, HEEAERRRE A SR
TEX5DTH ARV EEZT-

BRI alb—a o0 TiE, 3
BN —BL W EFTIThEOMEERTH
LEEEBREL, HAEHOHEZIHAT 2 ®
v YT, Tty EHWE A
KBTI, FPGA % IV 7= GRAPE-7 (Kawai and
Fukushige, SC06 Proceedings (2006)), ¥
FOEBOEHD 757 4w 7 Tat vy
GP)THD. ZnbzHNWAHZ EITLD,
WA vt v P OBHEOHEHEZHE5
ZEMNTXB.

ATt s LTS AITACENZ
DT, FEEAER D -5 C s 12 flak T &,
FHRE A RIS CEE T & 2 "Ikt IMF €7 /L
L.

4. WFIEEE:

HEERIZOWT, ZRTFROVI =2 b
— 3 & Langevin FRERXE W54
BOL a7 7=, B CEIR OB
fEDET L L LT, King BT A03% 5 (King,
Astron. J. 71, 64 (1966)). B &% N
NIRRT SN2z L, SMINCAT< &
BOXRX N> THEENEEL DM THDH.
DXL, BRFRDOY I 2 L—
arTHEND. HEEIRTIHIEOZ RV
X — LR oo R IEREICHH 5 7%
Bl oo, BAGCE TR FEERIRRE fF
LW, 2O, King 7 /LI HEEHERR
ROSMERLTWD EEZHND. King &
TIOVDOEPUZDONWT, REMEKRT D 5Ok
FNHDOEEER LT Langevin SRR %
NCTC, RMMA bR ERT A LICLD,
King £V ERUOBENSMEIGD Z &
L. £, Yal—i a3 TIRAek
FOEEEZRCICLEEA, 1 2T EBEO
BED 5%, 1052 Lizsaa® o723, 10
EOEEEZ LR T2 EATHETH, &K
DEEDH~OZBIBECTEDH LN 2
L % Jx L 7z (Tashiro and Tatekawa (2010,

2011)) (¥ 1).
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W L7EEES. WPFhoEaics King 50
DB BB E S A4ICA 9 (Tashiro and
Tatekawa (2011)).

Z Ok OEENFEFAORLD 100 %,
1000 fZ & 72 2 5681201%, TEET 7 v 7 HR—
NEEGEDHRREMD e N2 A TOETF IV
L 72 b, i E T X Bahcall and Wolf
(Astrophys. J. 209, 214 (1976)) 2 X %,
AT DB DEES A OGN STV
. AWFFRIT P OREOEEITEPE & KE A
WEi= 0 2Rl WA EE 2. 5%, LV
BEVWRAROEEOEENAR, BV RIKOZEH)
IZOWTHELERT S,

—F, RHEEHOBESRET VE L TR
¢ HMF &5 /L (Antoni and Torcini, Phys. Rev.
E 57, R6233 (1998); Torcini and Antoni,
Phys. Rev. E 59, 2746 (1999)) (X 2) %
B B, PHRIRRE, FIHAEL O &2 1T
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R Cl/NE 7R D

TR HNF BT VITECEERRIE T L A DI
AR T TRV — I FET D 2 &3,
WEOMENLHOENL TS (K3). =72
L, ADLBNEND =RV —A 7 —/LT
L, X —L [EE] OENED X
NI TWBDOPRH LN I N TV
Mol KRR, ADOLENBEN D
TRNNX— R — )L &G CTELHERED
BEHBREZRL, RETANRIIZa L/ =k
OO H ETIERMBEREEZ 2 &
ZHA S 2 Uiz (321, #Mifse 87, 510
(2007)). WIZEHIFHDY Il — g
ATV, RO, EEERREBOFEEZH G
Mz L7z,
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3 2 Wit HMF EF /L OiREdh#R. Rk
DT X)X — LEB = XL X — O R %R
F. 1.795 < U < 2.000 |[2HBWT, &=L
XF—ZWNEt2 LEEB RLF =B FN)
5 TADOE] RALNS.

Rt I2CThH D KT IMF 7 /LTI,
BOLHIZE D £ TORMREMITIEF ITE V.
BOVHIC B D £ TORPEREDOE/LIZD -
< OThHY, MWL E LTS EH
LD, ZORFPEROSMMERT HIEE L
T, FMEMZ b —D—>ThHb
Tsallis = b B —%2 R KICTDHH0MH T
4 N TEDDEHRTZ. ZOFEE, HE

BADOZRNF— A — )L TiE Tsallis =2 b
nbE—%FRRKETHHMEKTEHE LA
by LENTEBEZ N g7, FT=,
FERIARRET 5 & Tsallis —y b E—|28
FNDNRNTA—=F—qiTl LY REVHEND,
% |2 Boltzmann—-Gibbs = hu v'— & —%
T5 LIZHED> TPORL TN Z & 600
7. — 5T, BN EODZ R LF—Rr—)L
T, HEPMROZREL & B D BLG TR kR
WCENAEDOD, Tsallis = b b —% 5
KICTHH5MBEBTCT7 4y bTHZL1FT
X pipot.
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