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Analysis of SOL decay lengths in both
near and far SOL regions
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Poloidal cross-section of NSTX
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Time trace of discharge parameters
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The sheath-limited regime

@ NsTH ——

low g
high Tey
Consider low upstream density conditions - v¥<1l
* Ney low = upstream temperature Te y high
» e-e" collisional mean free path, Aee[dTe2/Ne IS lONg H
compared to distance along field lines to target, L _
low collisionality, V(= Ly Aee) < 1 Slreaming
= low c.o Isionality, v*(= L/ Ace) .< K, very large
» Power carried along SOL by streaming 0,7~0
— heat conductivity k, very large, small B
temperature gradients along SOL (L), T~0)
* Plasma pressure (p~nk(Te+T;)+mnv?) constant along
high Te .y =high target temperatures T; high Te,
» Power to target, P, controlled by sheath l

P, controlled by sheath
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The conduction-limited regime

i\‘k-
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As upstream density rises -

Ney rises = Te falls

Aee Shortens and v* >>1

Streaming replaced by e- conduction

= heat conductivity K, falls, temperature
gradients develop along SOL (U, T#0)

= T, falls even more than Te
Plasma pressure still conserved [J,p~0

= n; rises significantly, ionisation m.f.p. Ao, falls
lon flux to target I'; rises

= recycling (release of neutrals by ion impact)

Increases
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Aion < scale length of SOL
= ionisation near target increases, further raising I
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higher ng,
lower Tey
v¥>>1

H

e conduction
K, large

los]

large ne
I OW Te’t

I rises< Local ion
| rises

L

Recycling rises




The detached regime

At still higher upstream density -

 T; falls to ~5eV
= local radiation losses dramatically increase
= cools T; still further, to ~1eV or less

* lonisation front moves up to higher temperature region
= ionisation near target falls

» Volume recombination begins close to target
- further increasing the neutral density
- removing energy through neutral losses

« At high enough neutral densities

- ion-neutral friction removes momentum from
flowing ions

= plasma pressure falls near target (L,p#0), p:~0
= ion flux to target falls, ', ~0
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The two-point model (2PM)
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§ 0D divertor model

§ Simply relating upstream
parameters (‘U’, T, ,, N, ,, €tC) tO
the target ones (‘t', T, n,,, €tc)
S No attempt to model parallel
variation of T, n,

]

Pressure balance

T72 =T7/2 _I_ZqIILC
u t 2 Koe

2n T, =n,T,
Power balance

CI” = th C4 Power across the sheath
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NSTX Near SOL in conduction-limited regime

SOL plasma regime judged from the upstream
temperature and density, T, and n.,, and the
parallel connection length, L,

NSTH ——

From the 2PM analysis

40FTI T T T T (S K Erents, Nudl, Fusion 2000)
| ESSG s T| . . =32x10°(n,L, )"
S0 F Sheath-limited p ~ " Uo
o | T| . . =11x10°(n,L,)
9, .
5 20F R-Rsep=3cm ~~ Conduction-limited |
= ; O <>\ Near SOL (R-Rsep < 3cm)
R-Rgep=3cm l o © : conduction-limited regime
10F \ O R-Rsgp=0
; Detached | Far SOL (R-Rsep = 3cm)
obZ—"" i sheath-limited regime
0.0 0.2 04 06 08 1.0 1.2
(Neule)'”? (10°m™)
— . .
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NSTX SOL parameter profiles

NSTH ——
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Conventional A/A, ratio in conduction-limited regime

@@ NSTH ——

Assume || electron conduction

dominates the SOL transport /7
dT 7 q,L
- _ 5/2 ¢
Gy =0y = ~Kole - = T.~|5
d%l 2 Ko
Electron heat conduction equation If there exists significant D”Te

. —_ R —
Assume simple T =T, exp[— R)I Rseijrget = q, exp{— /]RSSPJ

exponential profiles To q

4

.
e =2,

“‘:-..._- PPI- APS-DPP 2007 Annual Meeting, Orlando, Florida 11
UE SﬂnDiEgﬂ %an:mn PLASMA
PHVYSILS LABORATORY



The observed A /A, ratio for the whole profile is not 7/2

NSTH ——

Observation
Conventional prediction

Profiles follow approximately

offset exponential function Aelhg = 112
Use 5= 4 +a, exq - R-Ry — is expected for
to fit T, and Qyyge; Profiles from 2PM
AelNg ~ 1.8
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Are/Aq ratio for the near SOL is closer to 7/2

@@ NSTH ——

Observation

The near SOL (0=R-

_ Conventional prediction
Rsep=3cm) Is expected to be

dominated by conduction, thus Aelhg = 112
In the ' ' IS expected for
Use simple exponential from 2PM

a:aoexp(— R_/]Rsepj

a

to fit T and Qy,pqe; Profiles

Mro/Ag ~ 2.6
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Offset exponential function put in the conduction equation
NSTH ——

Assume || electron conduction

dominates the SOL transport T,
dT, 7 q,L
_ 5/2 | —c
Gy =0y = ~Kole — T.~|5
d%l 2 Ko
Electron heat conduction equation If there exists significant D”Te
/

R Re
T, =T, +Texp -
Assume offset Are
exponential profiles R-R,,
A

q

Grarger = G + Qo exp[—

7 T,-T
A, ==/ S 7L,
Te 2 Q[Te _ quTe—S/Z ] Where C - ___C

—_ 2K,
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Additional Ar/A, ratio factor well matches experiment
NSTH ——

Profiles fitted to the offset exponential function
30 ' ' T ' 11.5

-:"

_ & | a.=1.380cm | Observation
< %{ ; 0T | AA=1.84
N : i | S
B 10F ’T»*\w : ‘_0.5;

1 81 TP 10.0 —
_ osl \ i i~ . | Prediction
TE 1 : : t=376ms _;2{}"—,:2
% . \ ] :% Te _Tel
. 0.4 ) 1 3 —- | =0.63
P > 1104 T, —Ca,T,
S 0.2 / \\ i

0.0 B e o TR __ JR )\Te/)\q:2'21

—2 0 2 5 8 +2/0 2 4 6 8 10

R—Rsep mid—pla cm) R—Rsep mid—plane (cm)

T, Ty
Additional factor, (T —CqT. 5/2j, tested in the near SOL
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Conventional A/A, ratio in sheath-limited regime

NSTH ——

Electron energy balance equation

AR RN R

C
dr dr 2 dr
Power flow into the SOL Power reaching target
I through the sheath

Assume simple
exponential profiles

R- R-
Te = TeO exp[— 1 Rsep j qtarget = o exp[_ ARSGP J
Te

q

1 1 3

A A 20

g n
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Are/Aq ratio for the far SOL Is far from prediction

NSTH ——

Observation
Conventional prediction

The far SOL (R-Rg, = 3cm) is

expected to be in the A =26cm
from the o A
{—} IS expected for
conventional categorization P
Use simple exponential from 2PM

a:aoexp(— R_AaRsepj

to fit T and Qy,pqe; Profiles

)\q =10cm
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NSTH ——

SOL decay length dependence on
plasma conditions
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SOL width decreases with increasing |,

) /\ISTX —
125059, Ip=800KkA, A,=2.07cm 125058, [p=800kA, A,=1.38cm
125069, Ip=900kA, A.=1.28cm 125069, Ip=900KkA, \,,=0.84cm
30— = e 2.5 T T T T T T
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nebar = 4.0 (x101° m-3) Conventional SOL width scaling laws
Pug = IMW do not address |, dependence
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SOL width increases with increasing density

—125070, nebar=2.7e19, A1e=0.7cm
F— 125072, nebar=3.1e19, Ate=1.1cm
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—©— 125070, nebar=2.7e19, Ane=1.5cm
H— 125072, nebar=3.1e19, Ane=2.1cm

L-mode ne profiles

R-Rsep Mid-plane (cm)

This result is consistent with

—— conventional scaling laws
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H-mode has narrower SOL width than L-mode
QD NSTH ——

—€— 125069, H-mode, Ate=1.2cm —€— 125069, H-mode, Ane=0.9cm
50 +— 125067, L-mode, ATte=2.6cm - +— 125067, L-mode, Ane=2.9cm
g " L-and H-mode Te prolfilesI | L- and H-mode ne préfilesI
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Probe was plunged past :5)_99(1)K/|AW
the separatrix!! NBI™
— P nebar=4.0 (x101° m-3)
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Summary

NSTH ——

1.

4.

NSTX near SOL is in the conduction-limited regime and
the transport is dominated by parallel electron
conduction

. NSTX far SOL is in the sheath-limited regime and does

not follow classical transport processes

. NSTX SOL plasma profiles have offset values in the far

SOL and offset exponential function can be used to re-
evaluate the relation between T, and heat flux decay
lengths (A, and A) in the near SOL

the additional ratio factor better reproduces the
experimental results
Dependences of near SOL width on plasma parameters
have been confirmed (1)1 Aqepeql s Ne ' Ateneq ')
H-mode SOL width is narrower than in L-mode
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