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� cá(`ķÔB => ÷ûŔŽŢĻ
� �(m, n)ŲŽŢ => MHDŔŽŢĻ
� 1¯ěÊQ�Ð => Xdż¨d(`EV
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2017/12/15 GKVñÖ�@�Þ=¿ 6



GKV7",6,@��� (1)
!"#$
!%

+ '||)||"#$ + *+ ⋅ -#."#$ + /#$ −
1)||2

3#

!"#$
!'||

= −
5#6#7
8#

'|| )||9:#$;$ +
!9:#$<||$

!%
+ *+ ⋅ -#.9:#$;$ − *+ ⋅ -#∗9:#$ ;$ − '||<||$

+>?#,#A "#$, "#B$	

�

#,	

EF
G +

1
I:
>

5#GJ#
8#

1 − Γ:#$

�

#

;$ =
1
I:
>5# L9:#$"#$M'N

�

�

�

#

EF
G<||$ = 1:>5# L'||9:#$"#$M'N

�

�

�

#

žO: ÊQÂſ

2017/12/15 GKVñÖ�@�Þ=¿ 7

���(*E+7<!�



GKV7",6,@��� (2)
� Abbreviations

)|| =
1

2 P�
!
!Q

+ ⋅ -#. =
3#'||

G + 12

5#
RSES + RTET

+ ⋅ -#∗ = −
8#
5#

1
UV#

+
3#'||

G

28#
+
1B
8#
−
3
2

1
UZ#

ET

/#$ = − > ESB ETBB − ETB ESBB 9:#$A ;$A − '||<||$A "#$AA +
5#6#7
8#

9:#$AA;$AA

�

+A[+AA\+

6#7 = J#
3#

2]8#

N/G
exp −

3#'||
G

28#
−
12
8#

2017/12/15 GKVñÖ�@�Þ=¿ 8



GKV7",6,@��� (3)
� Abbreviations (continued)
9:#$ = 9: EFb#

Γ:#$ = c: EF
Gbd#

G exp −EF
Gbd#

G

EF
G = PSSESG + 2PSTESET + PTTETG

RS = −
! ln2
!g

+
PShPST − PSSPTh

2G/ij
G

! ln 2
!Q

RT =
! ln2
!k

+
PShPTT − PSTPTh

2G/ij
G

! ln 2
!Q

1
UV#

= −
M ln J#
Mk

1
UZ#

= −
M ln 8#
Mk
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� k = iS bl − b: 	, g = iT m bl nl − ol 	, Q = nl
� bl, nl, ol : cá(`ņâĪ�sķÀ�e�
� k ∈ [−US,+US],   g ∈ [−UT,+UT], z ∈ [−/s], +/s]]
� Q = 0 on the outward midplane

� Ø�(`ķŧŶűŽśņEV
� [uºĵXdż¨d4ĄěÀ�ŖňķĿĳĲķé�;  b∗ → 0�Č
� 3l�@ĶA�M·��ņā´:Ù

� ~3ąķFourierâ²

< = < k, g, Q =><v$w Q 5x$yS[x$zT
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= ><v$w nl 5
x $y[{|#̂s~$z {y �~Ä�Å [x$z{z ÇÅs~ÄÉ~
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$w

Ô =
b:
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Mm
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	, 					is=
iTm:
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� šŽŶŘĶĠĥńA�r

� < k, g nl, ol , Q nl = < k, g nl + 2], ol , Q nl + 2]

� ŁįıěÀ0Ó�@ķM·��ĸ

� <v+w Q = i$z<v+w[Ñ+w Q + 2]

� Ö+F = −2]isÔET)k , i$z = exp *2]m:ETiT

� ŦŸŽŤŻŒâ²ĳķė�ġłě QÅĊņxhĪńĳ

� <v+w Q = i$z<v+w[Ñ+w Q + 2/s]

� Ö+F = −2/s]isÔET)k , i$z = exp *2/s]m:ETiT

� ňŘŭőš�Ļķ,Íž3: ��ſ
ÖES
ES,ÜxV

=
ET

ET,ÜxV
/s3	, 		3 = 2]isÔ

ET,ÜxV
ES,ÜxV
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� Lenard-Bernstein ŲŠŸàÆĔ

?#$
áà = ν#

!
!'||

'||ℎ#$ + 'd#
G !ℎ#$
!'||

+
1
'F

!
!'F

'F
Gℎ#$ + 'd#

G 'F
!ℎ#$
!'F

− EF
Gbd#

G ℎ#$

ℎ#$ = "#$ + 5#6#79:#$;$/8#

� […]&ķ�mķĔĸěŗųŊź�oķBohmx�Ĕ
� ÿ3ą / ōťŸŐŽĸ�RĨĵĝ
� þdÅĊ�QbĶYĨā)ĵν#ņìVĪŅĹ��î_w,
� OÂÊQàÆĔ (Sugama+2009ſĿWä¥Ľž$ĉŔŽŢĲĸĎé
�ķĽſ
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GKVFVL7<���	
� Kªĳĵńą

� cá(`ěÀ0Ó�@ķ}3ćķ7� Uãåç (=�6l é:)
� À0ÓH¼�@ķ}3ćķ7� = ŗųŊź6l	bãåç
� þdķ7� = ¯þd 'ãåç , �Ċķ7� = Uãåç  'ãåç⁄
� óą3ãåç , đÜ 5 , �Xd Jãåç, ¨d 8ãåç

� <t(ĦĳĶ 3å 3ãåç⁄ , 3ê 3ãåç⁄ ŀ 8å 8ãåç⁄ , 8ê 8ãåç⁄ ĵĴņ�ğń

�  'ãåç= 8ãåç 3ãåç⁄�

� ÀLidĸÀ�öĲķ�

� N3ąķç�5 (		ë�Ģĸ®�"ą)

"í#$ =
Uãåç'd#

N

bãåçJ#
"#$	, 		;ì$=

Uãåç5ãåç
bãåç8ãåç

;$	, 			<í∥$=
Uãåç5ãåç 'ãåç
bãåç 8ãåç

<∥$

� ©ªKv���W

ï̌ =
Uãåç

 bãåç
G 'ãåç

ï = ï ïóà⁄
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GKV<��HDVP
� �ĊÃ(

� 4�ËdRunge-Kutta-Gill (�Ċ-Ľbï��Ù�Ģſ
� ÅĊn(

� (k, g) :  FFTņ´ĝĭŘŭőšŸ�žwith 3/2-rule)
� Q : 4��o_( or 5�Ę�_(
� ('∥, 1) : 4��o_(, 'FĶİĝıķÇĊď�Q

� þdÅĊÃ(
� ;j$f + 'F = 0ù Ĳķå�

� �´Īń��êÉŶŊŪŶŷ
� FFTW ĸpĕ
� 
ĸ�ĜĵŶŊŪŶŷ@ĥĶŊŻśŽũŌŽŘņ´s
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GKV7<��	
� MPIĖJ(/ĳý�

� (`ċ�}3ķ6�"æÎĄ*(ES, ET, Q, '∥, µ, O)ņ
(ET, Q, '∥, µ, O)ķƁ�"ĖJ(/

� ŮşŻŖųŸ}3ĵĴĸě (ES, ET, Q)ņ(ET, Q)Ĳ(/
� (Q, '∥, µ)Ĳĸ_(ĶĳĿĵĞƀYƀý�
� ('∥, µ, O)ĲđÜżđ£XdêÉĶĳĿĵĞreductioný�
� (ES, ET)ĲĸFFTĶĳĿĵĞõÕý�
� binary ŠŽśĸ(/ħŅĭļļ'0ħŅń

� OpenMPņ´ĝĭ%��*
� ŘŹŞŢĶŁń�*êÉ

� master / slave ŘŹŞŢņ+´Ĩĭý�ĳ«Éķoverlap
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&calct calc_type="linear",                    ��Q¸linear / nonlinear 
z_bound="outflow",                       �T�w\a�~F¸outflow(�N@�Oa�) / zerofixed (_da�) / mixed                
z_filt="off",                                      �T�w\.�<&: off / on
z_calc = “up5”                                �T�w\hP$�A5: cf4 (4�DqhP w/ nzb=2) / up5 (5�µBhP w/ nzb=3)
art_diff = 0.d0,                                 �T�w\vL�r(�nl) w/ cf4 
num_triad_diag=0 &end                 �?+>-AG¯���¶}¥���Ss·

&triad mxt=0, myt = 0/                          �?+>-AG¯���¶}¥���Ss·
&equib equib_type = "eqdsk", &end    k��`&�0

�¦¸��
��£
�¤x�
README_for_namelist.txt ��¡¨�

gkvp_f0.48_namelist�!?0<

"analytic" - Analytic helical field with the metrics in cylinder
"s-alpha"  - s-alpha model with alpha = 0 (cylindrical metrics)
"circ-MHD" - Concentric circular field with the consistent metrics
"vmec"     - Stellarator field from the VMEC code via BZX code
"eqdsk"    - Tokamak field (MEUDAS/TOPICS or G-EQDSK) via IGS code

GKV<MTQVI#�
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�¦¸��
��£
�¤x�
README_for_namelist.txt ��¡¨�

gkvp_f0.48_namelist�!?0<¶���·

&run_n inum=1,                                          #:/�Y
ch_res = .false., &end                  (#:/«D��)�Mlbz (}¥���Ss) 

&files f_log="./Log/gkvp_f0.40.",              name tag for output data
f_hst="./gkvp_f0.40.",
f_phi="./Phi/gkvp_f0.40.",
f_fxv="./Fxv/gkvp_f0.40.",
f_cnt="./Cnt/gkvp_f0.40.", &end

&runlm e_limit =3500.d0, &end                  �®y±R³ [sec] 
&times tend = 150.d0,                                 "49=A":?y±R³ [Lref/vref]

dtout_fxv = 150.d0,                              Pi²vOT±´ [Lref/vref]
dtout_ptn = 150.d0,                              3)?"8<(&7A6?+°)OT±´ [Lref/vref]
dtout_eng = 5.d-3,                                y±�g*A&OT±´ [Lref/vref] 
dtout_dtc = 500.d0, &end                     adaptive time-step change�¢J±´ [Lref/vref]

&deltt dt_max = 1.d0,                                  y±$)(0�B³
adapt_dt = .true.,                                  adaptive time-step �|U/�U
courant_num = 0.6d0, &end                CFL number 

※Lref/vref�GKV����y±��W^c�
�����Lref=Rax:��§EXp�
vref =sqrt(Tref/mref) = sqrt(Ti/mp): 0>+?�
­l����

GKV<MTQVI#�
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&physp R0_Ln = 3.d0, 3.d0, 3.d0, …                                   
R0_Lt = 9.d0, 6.d0, 6.d0, …                                         
nu = 1.d0, 1.d0, 1.d0, …                                             1.d0 (for finite collision), 0.d0 (for collisionless) 
Anum = 5.446170221661534d-4, 2.d0, 4.d0, …          A-number: 
Znum = 1.d0, 1.d0, 2.d0, …                                          Z-number: 
fcs = 1.d0, 0.8d0, 0.1d0, …                                          charge density:                    (note that      )
sgn = -1.d0, 1.d0, 1.d0, …                                           sign of charge
tau = 1.2d0, 1.d0, 1.d0, …                                            
dns1 = 1.d-3, 1.d-3, 1.d-3, …                                      initial amplitude of perturbations  
tau_ad = 1.d0,                                             Te/Ti(ETG) or Ti/Te(ITG) for nprocs=1, but is fixed to 1.d0 for nprocs > 1 
lambda_i = 2.d-3,                                              
beta = 5.d-4,                                                    
ibprime = 0,                                                      ignore(0) or include(1) the grad-p part in the magnetic drift 
vmax = 5.d0,                                                    maximum value of velocity space coordinate in  
nx0 = 30, &end                                                 the radial wavenumber imposing initial perturbations 

gkvp_f0.48_namelist�!?0<¶���·
GKV����referenceL

C�¸e,  ion1, ion2, … 

GKV<MTQVI#�
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gkvp_f0.48_namelist�!?0<¶���·

&nperi  n_tht =4,                                       �T�w\2( $!�%(3>�'<��±n_tht*pi) 
kymin = 0.4d0,                                   �T�;1<w\2( $!�% ly = pi / kymin
m_j = 1 Xpw\2( $!�% lx= pi / kxmin,   kxmin = |2*pi*s_hat*kymin/m_j| 
del_c = 0.d0,  &end                            �T�w\a�~F�H�^c (¬j�0.d0)

&confp  eps_r    = 0.18d0,                       epsilon(rho_0)  (=a/Rax*rho_0): eqdsk/vmec�`[��V�B{�
eps_rnew = 1.d0,                             
q_0      = 1.5d0,                                 q(rho_0): eqdsk/vmec�`[��V�B{�
s_hat    = 0.8d0,                                s_hat(rho_0): eqdsk/vmec�`[��V�B{�
lprd     = 0.d0,                                   
mprd     = 0.d0,
eps_hor  = 0.d0,
eps_mor  = 0.d0,
eps_por  = 0.d0,
rdeps00  = 0.d0,
rdeps1_0 = 1.d0,
rdeps1_10= 0.d0,
rdeps2_10= 0.d0,
rdeps3_10= 0.d0,
malpha   = 0.d0,    &end 7*<�`:analytic, s-alpha, circ-MHD���`o�,;6A&

GKV<MTQVI#�
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&vmecp s_input = 0.65,                                                radial position of interest: rho_0
nss = 301,                                                              nrho in BZX
ntheta = 1024,      &end                                        ntht in BZX    ( =2 * global_nz * n_tht ) 

&bozxf f_bozx=“%%DIR%%/vmec/“,  &end              specify the directory of “metric_boozer.bin.dat”

&igsp s_input = 0.50,                                                    radial position of interest: rho_0
mc_type = 0,                                                         is fixed to 0  (��m���I�)
q_type = 1,                                                            is fixed to 1 (ek��q�B{�)
nss = 2048,                                                           NPSI in IGS
ntheta = 65,      &end                                           NCHI in IGS +1 ( =2*global_nz/n_tht +1 ) 

&igsf f_igs=“%%DIR%%/eqdsk/“,  &end                  specify the directory of “METRIC_axi.OUT” 

&nu_ref Nref = 1.d19,                                                      nref (=ne) [m-3]
Lref = 3.5d0,                                                             Lref (=Rax) [m]
Tref = 3.d0,                                                               Tref = (Ti)  [keV]
col_type = “LB”,                                                       is fixed to LB : Lenard-Bernstein col. operator
iFLR = 1,                                                                   with(1) and without(0) FLR terms in collision 
icheck = 0, &end                                                      is fixed to 0

gkvp_f0.48_namelist�!?0<¶���·

Z�c����W��]�v�������� �	��gkvp_f0.48.***.*.log.***�OT	��

GKV<MTQVI#�
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