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In order to save the computing time or to fil the simulation size into a limited computing hardware 
in a gvrokinctic turbulence simulation of a tokamak plasma, a toroidal wedge simulation may be 
utilized in ,vhich only a pai1ial toroidal section is modded with a pe1iodic boundary condition in 
the toroidal direction. The most sc\'crc restriction in the wedge simulation is e:,:pccted to he in the 
longest wavelength turbulence, i.e., ion krnperalure gradient (ITG) d1iven turbulence The global 
full-f gyrokinetic code XGC 1 is used to compare lhe transport and turbulence properties from a 
toroidal \Yedge simulation against the full toms simulation in an ITG unstable plasma in a model 
toroidal geomelrv. It is found that (1) the com e rgence study in the wedge number needs to be con
ducted all the way down to the full torus in order to avoid a false convergence, (2) a reasonably 
accurate simulation can be perfmmed if the coJTecl wedge number N can he identified, (3) the 
validity of a wedge simulation may be checked by pe1i'orn1ing a wave-number spectral analysis of 
the turbulence amplitude jdUj and assuring that the variation of dU between the discrete kh values 
is less than 25% compared to the peak jdUj, and (4) a frequency spectrum may no\ be used for the 
ntlidity check of a wedge simulation. Published by AIP Publishing. 
[hllp/ld:-.: dl)i org/10.1063/l 4974777 j 

INTRODUC'rION 

In order to saYe the computing time or to fit Lhe simula
tion size into a limited computing hardware in a gvrokinetic 
turbulence simulation of a tokamak plasma. a toroidal wedge 
simulation is often utilized in \Yhich onlv a partial toroidal 
scdion is modeled with a periodic boundnry condition in the 
toroidal direction In the past, most of the wedge simulations 
hm·e been pe1fonned under simplified delta-f algo1ithms 
(cg, Refs 1-4 and many others), in which the turbulence is 
d1iYen by fixed background fluid plasma gradient and m 
which the neoclassical plasma dynamics is ignored 
Recently, global full-f simulations an� also beginning to uti
lize the wedge simulations,'' including XGC l 9·

1
" that is the 

code used for this study. A deeper understanding of how the 
\\edge simulations could be similar to or different from the 
full torus simulations can be beneficial for proper application 
of the wedge simulations. 

A full-f code can perfonn a different comparison, from 
what a della-f code can, between the ,,edge simulalions and 
the full-torus simulations since it can obtain not onh the tur
bulence properties and the transpo11 tlu:s;es. but also such 
infmmation in a self-organized slate between the plasma pro
file and the turbulence. Predicting the self-organized plasma 
profile is the ultimate goal of the plasma transpm1 and turbu
lence studv 

The most severe restriction to the wedge simulation is 
e:,:pected to mise in the longest wavelength turbulence, i.e., 
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1hc 1•>11 Lemtienilur0 tm1dienl tll ,') drn,en 
1urhulence In the present \vt,rk. we i,t udv the lTG 
ti1rbulenc._. und 11eoclo:;s1cul 1011 Jllivsics foeether in 
the fu\l-f inrnkrnt!l1c t11rhulencc code XGt I i.11 an 
ap1·•r :-;imut0 s1cad\' stale. rvrokmeLi · inns with 
nd1abutic cjectrnn ·res111111:-:.e ah,: u:'ied in a cir..:.ulnr
i..,ross- sect inn L 111.1,; hnt r.:s�tmhle:c; th..: so-ctll leJ 
'y ·lrn1e ba:;e-e,1se plasmu.11 nl!lrnvior of the i,rn 

heal llux. ttnd Lhe re:-ulling :a11:lf-11ri'anized i,111 
Lem/1i;:m1ui·..: prorik. wiil1 H J1fferenf ifll'oi- dal
Wt:, He s.'Le is reportitd D 'luileJ behaviu.r ( f Lhe 
tmbt1lence �peclrum b abo do;enbt'J. As n n:s1t'lt 1)f 
the :rresent smd,, !l simple gllldebne. tu chech. iJ a 
wedg<! :-irm1lat1 'in can repni,focc the !'till-t11n1s result 
wi1h11.1 a J'c\'., 1 erccnt etTor. i;. �ugge:'iL,: I. 

The paper is organized as follows: Section 11 provides a 
brief summary of XGC I Seclion Ilf describes lhe simulation 
setup nnd the achievement of the nppro:,:irnate steady state 
Dependence of the rndial heat flu:-;, in lhe fonn of effective 
heat conductivity, and the turbulence spectrum on the wedge 
size is reported in Secs. TV and V, respectively. Section VI is 
devoted to conclusion and discussion. 

IL A BRIEF SU:tvlMARY OF THE FULL-F GYROKINfllC 
PARTICLE-IN-CELL CODE XGC 1 

XGC 1 is a "full-f' (or called "totnl-L" equivalentlv) 
9.10.)3 

gyrokinetic pm1ick-in-cell code that does not use the 
pe11urbati\'e '·dclla-f' assumption that the background 
plasma can be described by time-in\'ariant fluid plasma 
based on the Ma"wellian distribution function. In the pertur
bative delta-f scheme, only the turbulent perturbed part or 
the distribution function is calculated using moderate num
ber of marker particles (rv50 pmiicles per grid node, 
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