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MotivationsNumeri
al modelingDis
ussion and Summary Observations on NSTXTe �attens in NSTX H-mode shots as Pb in
reased

Not 
aused by low-f MHD or fast ion radial distribution
χPBe ≥ 10m2/s inside r/a≤ 0.4, while χi ∼ χNCiPerturbative experiments support PB transport pi
ture with theun
ertainties in
luded(Stutman, et.al. PRL'09, K. Tritz, T&T session today)N.N. Gorelenkov et.al. e-transport due to GAEs, 2 of 21



MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisOutline1 Motivations2 Numeri
al modelingGAEs in NSTXORBIT model for e-transportORBIT analysis3 Dis
ussion and SummaryComparison with experimentsSummary N.N. Gorelenkov et.al. e-transport due to GAEs, 3 of 21



MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisHigh-f GAE instabilities were indenti�ed in NSTX
(5,−2)
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(m,n)=(2,−5)
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urves are GAE dispersion
ωGAE ≃ vA0(m−nq0)/q0R.

GAEs - Global Alfvén Eigenmodes (Appert,1982):observed spe
trum peaks of di�erent
(m,n) modes 
an interse
t ⇒
hara
teristi
 of shear AEs,polarization δB⊥ > δB‖,GAEs are driven by fast super Alfvéni
beam ions, vb/vA ≃ 2−4,multiple modes are often presentdamped on ele
trons and if ω < ω
i :may expe
t e�e
ts on ele
trons.(N.N.Gorelenkov, E. Fredri
kson, E. Belova et.al., IAEA'02, NF'03, and Belova lateron). N.N. Gorelenkov et.al. e-transport due to GAEs, 4 of 21
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MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisChara
teristi
 frequen
ies of ele
tron drift motion are 
lose to GAE'sfrequen
iesInstabilities at fGAE ∼ 500−1000kHz , may go higher.transit (passing) frequen
y fte = 12π
v‖qR = 1.5MHz Te = 1keV ,boun
e (trapped) frequen
y fbe = 12π
v⊥qR√ r2R = 430kHz at q = 2,R = 1m, a = 0.8m, r/a = 0.2.ele
tron Coulomb s
attering frequen
y νe/ω
e = 3×10−7(ω
e = 0.7×1011se
−1), e-i 
ollisions double this.thermal ion 
y
lotron frequen
y f
i = 3MHz .fGAE ∼ fbe and may be ∼ fte!!!N.N. Gorelenkov et.al. e-transport due to GAEs, 6 of 21
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MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisEmploy ORBIT to study e-transport due to GAEs
α (r) : δB= ∇×αB ORBIT ideal MHD perturbation, E‖ = 0:

α = α0e−m2(r−r0)2/δ r2 .and δBr/B ≃ ikθ α = iαm/r .Baseline 
ase:
α0/R = 4×10−4 ⇒
δBr/B ≃ 0.5×10−2 at r/a = 0.2(mode's peak).16 or 31 GAEs with n = 1−10, mis su
h that f = 500−1000kHz -observed window.Use ORBIT for the physi
s insight into the driven e-transportN.N. Gorelenkov et.al. e-transport due to GAEs, 8 of 21
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MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisEle
trons make radial ex
ursions due to δBr and [Eθ ×B] driftEle
tron Poin
are map in ψp ,θ0 = ωt +nϕ plane.1 mode, ξre ∼ δBr/Bk‖ 2 modes (f1 6= f2) N = 20 modes (fi 6= fj )
(m,n) = (−3,1) ; f1 = 510kHz
Multiple GAEs (>N = 10) introdu
e sto
hasti
ity in ele
tron drift motion
ωdr or fGAE dephase ele
tron-GAE intera
tionN.N. Gorelenkov et.al. e-transport due to GAEs, 10 of 21



MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisAt weak amplitudes resonant intera
tion dominatesTake α0/R = 10−4 
ase, 31 modes, no 
ollisions, ψ̄ = 0.05Evaluate 
hara
teristi
displa
ement for di�erentele
trons Te = 1keV
〈
∣

∣

∣
ψ2−〈ψ〉2v∣∣∣〉v ,in λ = µB0/E , E plane.Trapped ele
trons are moree�e
ted by GAEs (λ ≃ 1) in abroad energy range.Passing ele
tron 
an resonate via

ω −
(k‖ + l/qR)v‖ = 0. (similarto Kolesni
henko, et.al, PRL'05)But χe is too small < 1m2/se
.N.N. Gorelenkov et.al. e-transport due to GAEs, 11 of 21



MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisUse parti
le 
ode to simulate ele
tron thermal 
ondu
tivityLoad parti
les on one surfa
e & Maxwellian isotropi
 distribution.Look for linear �di�usive� dependen
e of 〈ψ2〉v (t) over time
∆t ≫ qR/v‖,ω−1GAE ,ωdr . introdu
e ambipolar potentialele
trons are atta
hed to ions,

Γe = 0, but 
an transfer energy
χe is on the same order as De

χeDe =

〈

E
2De〉T 2e 〈De〉 − 〈EDe〉2T 2e 〈De〉2 .

χe = 3De/2 for weakly perturbedMaxwellianN.N. Gorelenkov et.al. e-transport due to GAEs, 12 of 21
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MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisHow many modes introdu
e sto
hasti
ity?Baseline 
ase νe/ω
e = 6×10−7, r/a = 0.245, α0/R = 4×10−4.At NGAE > 16 there is a plateau.Constru
t the random walk:
ξ2re =

(

δBrk‖B )2
.If modes are in
oherent 
hara
teristi
 time is smallest of ν−1
oll , τpr ,

τtransit/(k‖qR), whi
h is τtransit .Then the di�usion is (δBr/B = iαm/r , k‖ ≃ 2m/qR , m = 3,
τ−1transit = 1.5(v‖/v)MHz)De = ξ 2re (k‖qR)/τtransit =

δB2r qRk‖B2 /τtransit ≃ 25v‖v m2/s,but this estimate gives D ∼ α2 ??N.N. Gorelenkov et.al. e-transport due to GAEs, 14 of 21



MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysise-transport strongly growth with GAE amplitude
Baseline 
ase νe/ω
e = 6×10−7.Shown is di�usion at r/a = 0.22.Small amplitude χe ∼ α3.Large amplitude χe ∼ α6.Collisions have small e�e
ts at largeamplitudes.

N.N. Gorelenkov et.al. e-transport due to GAEs, 15 of 21



MotivationsNumeri
al modelingDis
ussion and Summary GAEs in NSTXORBIT model for e-transportORBIT analysisRadial dependen
e of χe
α (r) : δB= ∇×αB α0/R = 4×10−4
Peak of D (r) is near/outside the mode amplitude peak.Low-m modes 
ontribute more to the di�usion.

χeDe =

〈

E
2De〉T 2e 〈De〉 − 〈EDe〉2T 2e 〈De〉2 .N.N. Gorelenkov et.al. e-transport due to GAEs, 16 of 21



MotivationsNumeri
al modelingDis
ussion and Summary Comparison with experimentsSummaryOutline1 Motivations2 Numeri
al modelingGAEs in NSTXORBIT model for e-transportORBIT analysis3 Dis
ussion and SummaryComparison with experimentsSummary N.N. Gorelenkov et.al. e-transport due to GAEs, 17 of 21



MotivationsNumeri
al modelingDis
ussion and Summary Comparison with experimentsSummaryGAE amplitudes in experiments vs used in the modelHigh-k interferometer line averaged density �u
tuation spe
trum,r/a = 0.25, 10mse
 averaged
<δn>
<n> = 10−4

10−5
16 modes are shown from simulations
α0 = 1.5×10−4.

N.N. Gorelenkov et.al. e-transport due to GAEs, 18 of 21



MotivationsNumeri
al modelingDis
ussion and Summary Comparison with experimentsSummaryGAE amplitude spe
trum in a model16 modes, 〈δn〉/〈n〉 31 modes, 〈δn〉/〈n〉 lo
al δn/nmax
Lo
al density �u
tuation is up to 5 times higher than line averaged.From ORBIT χe ≃ 10m2/se
 di�usion we need α > 4×10−4 or
δBr/B >∼ 0.5×10−2, ξrR ∼ α mk‖r ∼ α

ε ∼ 10−3 and 〈δn〉/〈n〉 ≃ ξr/R .This is within measured a

ura
y (fa
tor 2) of the intermitten GAEamplitudes given the un
ertainty in the mode stru
ture.N.N. Gorelenkov et.al. e-transport due to GAEs, 19 of 21
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MotivationsNumeri
al modelingDis
ussion and Summary Comparison with experimentsSummarySummaryGAEs with su�
iently strong amplitudes 
an indu
e ele
trontransport in NSTX.Ele
tron transport is due to
δBr/B 
aused deviation from the magneti
 surfa
e for bothparti
lesresonan
es of ele
trons with GAEs at f = 500−1000kHz .overlap of ele
tron radial motion due to δBr/B is theme
hanism of e-transport.
omparison with high-k interferometry shows that the observedGAE amplitudes within the measurement a

ura
y (2 to 3) andgiven un
ertainty in the mode stru
ture provides the lower endof the inferred ele
tron thermal 
ondu
tivity, χe = 10m2/s.E‖ strongly enhan
es radial di�usion. Need to sear
h for E‖e�e
ts in experiment and theory.intera
tion between GAEs and turbulen
e has to be studied.N.N. Gorelenkov et.al. e-transport due to GAEs, 21 of 21


	Motivations
	

	Numerical modeling
	GAEs in NSTX
	ORBIT model for e-transport
	ORBIT analysis

	Discussion and Summary
	Comparison with experiments
	Summary


