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Abstract

Multiple-periodic accelerator modes give rise to anomalous enhancement of the stochastic diffu-
sion process in the standard map in the domain of the nonlinear stochastic parameter A < 1. The
quantitative analysis of the multiple-periodic accelerator modes has been undertaken to explore con-
tribution of the accelerator modes for the anomalous diffusion. In particular, detailed information of the
period-3 and the period-5 accelerator modes such as their existence domain and their stability have
been presented in connection with the anomalous enhancement of the diffusion process.
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Fig. 1 Existing condition @° (A, q) for period-3 accelerator
modes at A=0.5~ 1.2.
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Fig. 2 Existing condition @3 (A, g) for period-3 accelerator
modes at A = 0.7. Solid line indicates value of @3 (A,
g). ¢3 ~ ¢4 satisfy the equivalent condition eq. (10).
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Fig. 3 Phase portrait of the standard map at A=0.5595. Period-3 step-1 accelerator mode islands are observed near g = 0.075.

ThHhbIEBbhol.

IO OHFEIIBITZ2MEE— FORAT vy TOKE
X, (12), (13), () z2gPMEIcLy, (1)XNoOKRH
SR L COEGEOWME L HRE I L TRET
LHIENTEL, ZNHE3IAMMAEE—-VER

@&W%M%%Lfﬁb€f=%wm=Lma%wa.

ZFORER, BEE(12), (13)iX, period-3 step-1 DMl
HE—TF, (14)1%, period-3 step-2 DHEE— FTH 5
LaERLL.

IRSMEE— FOEBHEOMYMEIL = 0TH S

728, 3JEEMNEE - FoMHTEICBI AV ERED
R, (10)xX&(5), (6):X»bH

q0=qg2=qs3 (15)
PV b, MCESEEEICI(5), 10)X»r5
modulus # B L T

p2=M—Flgo)=F(g0)= —p1 (16)
DEBREEBONDL. L72AoT

p1= —po (mod M =1—m) 17

364

THHZEPVZ D, EBIZA2)NOBEREMNE A=
055951 go=0.074 po=0 IZH A % B \» 7 LA F T A
Fig. 3 TH 5. ZZ T aEETH 5208, 3RHO
MFEE— K (period-3 step-1) PHFEL T 5 DHHERE
T&%., ZONMHEE— FOME (b0, qo) IXREHFRE &
D ICHREIREO FMICEBR I TwE., 202k k)
SRAGMEE—Fo (15, A7)ROBBRIEILL TS
CLWHERTES.
CDXHILT, MFERAT Y 7 m=1, 2 DEIZHIST
% 3 FHmEE— FORBRT A RETE . L
PLERE A, 2R B EEELD 4DDKH cl~c4
3 AHMEE— FBFETLHIWHEZRLTWLO
T, R cl~c4dlZBIFrZFNb0RELEEZ#ER L2
WE bR, ROFHIZBWTIORE cl~c4 2Bl
% 3 FABIMEE— FOREEIIOWTHERT 5.

3. 3FEEIMETE— FOREM

SRAPmEE— ForEkZ#RT 5. MBLEkc
& 9 Fig. 1, Fig. 2 ZHPN T BRI/ ST A —%
WX LTHE SN E cl~cd OBIBL B BT
B (G Dr) DEEE (@n+ 8Gn pu+ Obn) DIIE, HREEFH

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

WrFERC

(1)RIZEY (@ner, put1) DI (qur1+ Onst, Prur1+
6pn+l) b:%%ﬁéh% :@Hi?(aq”, 8pn) k (6‘];14—11 3Dn+1)
&, BREBROTIZL-C

(i) g -
Obn+1 Obn

aq;1+1 a‘bﬁ—l 1 1
_ aq;z apn _ +LYn
or = ( Pus1 O+l ) - ( ay, 1 >

aQn apn
wc‘\

Et#EIFSH., 22
a, =27A cos 2ng,,

TH5. (o, go) \ZHT 2 ZROFLMERIZ

5p3> o (31"0)
=(6T 19
(543 ©7) oqo (19

LEFE. 22T
(8T)3— <1+a/0 1) <1+a/1 1> <1+a2 1)
ap 1 cag 1 a? 1
(20)

Thb., TNEHNT (bo, go) DEEMEIL, Greene 12 &
5 Residue OEH[13]

1
R=—[2-Tr(3T)] (21)
THETE 3. 0<KR<1OHE, RPRELRREDS T

DEMGEERORBLHMCE 5. 22T 3 FHN*E
E— FEWHFET 5564272 L C\w5 Fig 1, Fig. 2
BB BIERIE/ST A —F 12T D5 cl~cd D%
EWEFI, ZOFE, M=112%F 5 period-3
step-1 DMFE— Fid cl, c3TREIARELBTD
D, c2, c4IFRETH 7.

BREBRIRITTT B8 c2 DB, QUDRD HREHE
Wi

0.5589< A <0.5595 (22)
EHRE D, BEcd DEHITIE

0.6578<<A <0.6605 (23

B®ERIZBT 2 RENH L SERNMEE—F

U R
I T ¥ T T
2 F 4
1.5 .
E
T 1T .
o]
o
05 -
0 1 1 1 1 \ !

065 0.675 0.7 0.;25 075 0775 0.8

Fig. 4 Residue of period-3 step-1 accelerator mode. As
function of the stochastic parameter A.
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Fig. 5 Residue of period-3 step-2 accelerator mode. As
function of the stochastic parameter A.
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Fig. 6 Existing condition @° (4, g) for period-5 accelerator
modes at A = 0.4200 and 0.6064, respectively.
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Fig. 7 Numerical result of diffusion coefficient at 0.5< A<
1.0. 10° particles are initially distributed uniformly at
p=0.

Table 1 A various contribution of accelerator modes for

diffusion coefficient.

peak position | mode identification stable region
A=055 period-3 step-1 0.5589< A <0.5595
A=0.65 period-3 step-1 0.6578<<A <0.6605
A=0.75 period-3 step-1 0.7421<A <0.7674
A=0381 period-3 step-2 0.8144<A <0.8158
A=0.88 period-3 step-2 0.8734<A <0.8919

HNFICHEB I T 5,

KRICIEBE 1212 X > TRD LN TV B 2 J& B
E-FOFLHIZOWTEZ L., 2HHEMEE—F
(period-2 step-1) DFEFEMEIRIL, BHHERE LD

0.64037<A <0.65130 (30)

EEDLN TV, (30) RDHEIED BHEE LA AER ©
(1. p1) = (0.105, —0.2), (go, po) =(0.11, — 0.2) 1% CHAE
T 5720, po=0 & L7 Fig 7 OMEARECCI 2 BB
HE— FIZXBHELFGRIBNS A THR, L
STHHEZ TS LY — 221N 5089 2% 3 JEH
E— FOBEELFRICHEIT 2o THRAZ EICL. £
DFERD, Fig. 8 THbH. ZZTEEMICHY 2 o
E— FOFEEEZWRT L7720 po=—-02, g=—-05~05
MR & 572, ZORKEN cTHD. FZTIE(30)
ROBERTOREIHAISHRTE L, ETHROSNE
2 On#EE— FAERME S T 2B %ICHT 5

The Japan Society of Plasma Science and Nucl ear Fusion Research

367

IR, LAY, T

BEEBNTEdE b, ZONA, HHEBRICE
WCHELEAS 2 HIIEE— FOELICERE L, FORER
DHOREMEIZL ) BEEHSE LT D Z EPBER
Na. INSORERMS, 2 BEMEE— FIBREIEH
WEBICHESLTWAZ LA HASNL. ‘
Fig 7IZBVWTA=05 ICN LCBBR SN2 IHD
Y= OBERITAEEP TR, WSO BIEE T
o, TN TEBOMEE- FOFGICIrb0L
EHRINDLD, TTTRERTELW., A=065, A=
075 BL U A=088 BBEICBVWTREFLEHOY— >
DIRHNEL S MR HEZ R L TWAE, TR (T
A= A%5(12), 1) B (4) OREFEROM LY
REL B0 BB CETHHERAPSIEIZL2D0TH
5. FMENNT A= A DB X BREMEE—F
REBICITHE D BIEBG DT O M 22 BT AT
HYVFLWIFUAPHLPICENDLZ EBTFHEENS
2, ZZTREFOFMICZVEASZVWIEICT S,

6. #EER

GE OB BT 5% HEBMHE — F OB
GIFFTT, TOE—FOFGICL ) EHRRICB VTR
IR ZER T o MAEE L BT 2 22T
2. INOORRBIFGIIT X = B1PT L vk
AN HIBIC BT 2HELTH - 720 2 ICHERSFHE 22 h

3.5 T i T T T T T ¥ T
¢ o
d .....
3+ .
25 & E
c 2 F e
S
[7]
=3
E
a 15 | -
|
E
1} i .
05 | { ]

s

R a e 1 I
0.62 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.7
parameter A

Fig. 8 Diffusion coefficient in the region 0.6 < A < 0.7, for
10° particles with initial distribution along p =—0.2.
Line (c) includes the contribution of the period-2
accelerator mode. Diffusion coefficient for the
chaotic particle is also shown by dashed line (d).
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