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De nit ion of Poisso n brac ket

Bill wrote convectiv e time deriv ative in the gyrokinetic equation including the
nonlin earity as:
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Simplif ying to = (the electr ostatic potential), the “Poisso n bracket” can be
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(once normaliz ations put back in).



Borr owing from previous slides :

p.1-9: simple physical picture of "bad-c urvature” drive
p. 15 small scale uctu ations
p. 17 geometry start



Alignin g coordinate system with magnetic eld reduces resolution requir e-
ments by afactor of = =L. Very efcien t.

http:// w3.pppl .gov/ mbeer/ictpl .ps
p.17/18 ux tube coordinates and annular toroid al wedg e equiv alent

If ux tube has a toroidal width of 2 =ng, and a radial extent from the q =
surface to the q = g + mg=ng, then the ux-tu be domain is mathematicall y ex-
actly equiv alent to simulating a toroidal wedge of a toroidal annulus (a slice of
a hollo w Bundt cake).

Toroidal periodici ty on wedg e means effectively simulating n = 0;ng; 2ng; 3ng; :::.
l.e., n = 87mode similar to n = 86mode, can use coarser grid in K = m=r = ng-=r.
Example: ng = 10 radius from gq= 22to g= 23k (m=r) = 0:1,0203;::: for

a= = 40Q or

a I :
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Becaus e turb ulent eddies are so extende d along eld lines, while having a short
correlation length perpendicular to the eld line, it is more natural to think in
terms of elongated ux-tu be simulation domain. In this case these quantiz a-
tion/p eriodicity constrain ts aren't really relevant in most cases of turb ulent in-
terest (see papers by Cowley, Kulsru d, and Sudan, and Beer, Cowley, Hammett,
etc.).

p. 16: Key is to make the box more than a few decorr elation lengths in all direc-
tions so oppo site sides of box are random with respect to each other. Then can
assum e statistic al homog eneity: the statist ics of the range of sizes of eddies
that go in and out one side of the box is the same as at the other side of the box.

Use this “statisti cal similari ty” to assume exact periodici ty. Provides natur al
bound ary condit ions for small scale homo geneous turb ulence.



Standard ux- tube simulations make further assumpt ions for simplic ity: geo-
metrica | quantiti es vary along eld line but are assum ed to not vary much across
the width of a thin ux tube. For example assume jBj is constant in direction s
perpendicular to the ux tube when calculati ng Jo(k,v,=) , etc. [Paper by Adil
Hassam et.al. discuss extension of usual ux-t ube geometry to include terms
needed to get String er spin-up .]

Thoug h constant gradients kept in terms like ! +/ r (T), variation s of equilib -
rium To(r) across box neglect ed if it appears withou t gradie nt (like in gyroradiu s

for Bessel func tions)

T(r)
Thoug h background tem-

peratu re gradient is con-
stant on scale of box,
local r T(r;t) allowed to
self-co nsistent ly uctu ate.

These are standar d, widely-used, two-scale/perio dic approximation s, going
back to ballooning mode theory, Hasegawa-Mima, homogeneous turbulence
simulations in Navier-Stokes uids , Balbus-Hawley shearing -box simulations of
Magneto-Ro tational -Instabili ty in astrophysical accretio n disks...



Flux-t ube also natural for full implem entatio n of “standa rd gyrokinet ics”. Global
codes are starting to investiga te what are though t to be some of the most im-
portant nite correc tions, but nite correct ions in the gyrokinetic equatio n
or in the assum ed equil ibrium have not been comple tely worked out.

?? Describe Waltz picture of ExB shear  effects, showing gyro-Bohm, Bohm,
etc. regimes...

E B shear suppres sion of turbulence model based on BDT theory, Waltz ap-
proxim ation:
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Has gyro-Bohm, Bohm, worse-than-Bo hm (Goldsto n ;-) ) regim es

Similar stabiliz ing effects if radial deriv ative of poloid al group velocity ! =k
I =k included. Global codes are studying this.



Waltz-Candy sour ce term seems reasoanble to me (though | haven't checked
all the details of it). Given time-averaged prol es To(r);ng(r), etc. Microinsta-
bilities would cause these prol es to relax to be uniform. If one is very close
to marginal stabil ity, only a little bit of relaxation would shut off the turb ulence.
There must be some source/sink terms (neutral beams, RF, radiatio n, charge-
exchange losses) , that maintai ns the proles against turbulent diffusio n. Waltz
adds a time-averaged sour ce to do this (beam heating, etc. is constan t in time),
whate ver is required to match the time-averaged proles Tg(r) etc. given by the
experi ments..

Proles are allowed to uctu ate in time self-c onsisten tly.

Check: Waltz-Candy compared bounded simulation using compens ating
sour ces/sinks with periodic simulation using no sources/sinks and got good
agree ment.



p.15: characteristics of:
ITG (lon Temperature Gradient driven instabili ty)
TEM (Trapped electr on mode)



Anton sen et.al. pictu re of why negativ e magnetic shear is stabilizin g:

Bp(r)
(1+ fcos)(1+ Ocos)

BpoI

Squeezing of ux surfaces by Shafranov
shift %= dRy=dr (r=R)( po + "i=2) can
increas e By a lot.

Local magnetic shear / (d=drnBpy /
(d=dr) oo leads to impor tant parameter =
Ro?d =dr of the s mod el.

High  gives rise to a local negative mag-
netic shear.

Probably dominan t stabiliz ing term in ST's.
See recent paper by Clarisse Bourdelle using GS2 to study various effects:

http:// w3.pppl .gov/ hammet t/gyr o u id/paper s/2002/bp clarisse .pdf



Emily Belli has studie d other shaping effects, nds radial deriv ative of elong a-
tion is more impor tant that elongation itself , etc.:



