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Standard TEXTOR He-beam diagnostics
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Atomic processes |
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Evaluation procedures |

For known _-> line intensity profiles _

M. Brosda and M.Brix have already shown that it is possible to restore
T, and n, profiles from line profiles 1,(r); 1,(r); 15(r)

Possible approaches:

non-stationary (NS): direct solution of the general (time / space) dependent
equation and fit I, (r)=n, 4,; tothe measured one.

guasi-stationary (QS): approx. solution of the NS equations: on the right
the St-solution of the balance equations for
rel. populations n,/ n, of the excited states is inserted.

stationary (St): the derivatives are neglected assuming that the time constant of the
measured processes are larger than the relaxation times zfor the

transitions used. ' '
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Atomic data - levels |

The following atomic levels of He | have been included in the model:
Efc\’ smglet (S 0) i 1riplet (S=1)

(1): 1s?21S; 1snliL; 1snl3L;n=2;3;4,1=0; 1; 2 “‘:: == e fs— - = =
(1i):1s4f 1F; 3F 251 v —
(2): 1sn_1 (singlets), 1sn_3 (triplets), n = 5; 6; 7 summed over all | 2% 72\{“’ 667.80m  \706.5nm
(3): 1sn; n =8; 9 summed over all land S i

(c): ¢ = 1s ground state of He Il 2:”

"effective"” levels have been introduced, which describe group of levels summed over
some quantum numbers (decreases drastically the dimensions of the statistical matrix).

group (1): SL coupling is a good approximation.

group (1i) and any levels with | > 2: deviation from the SL coupling is significant.

The matrix of the eigen-vectors in intermediate coupling was obtained for the states (1i)
using the GRASP92-code (Drake).

For the levels 1sn; n = 8; 9 summed over all | and S the type of coupling is not important.
For the levels 1sn_1 (singlets), 1sn_3 (triplets), n = 5; 6; 7 an effective mixing due to
deviation from the SL coupling was introduced.
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Atomic data — energies, radiation, collision with e |

The following atomic levels of He | have been included in the modetrey  singlets-0) - wipler(s=1)
Rs— — = — | -
(1): 1s?21S; 1snliL; 1snl3L; n=2; 3;4,1=0;1; 2 1Hi — - ‘_ _

(1i):1s4f 1F; SF 22 72&{%7.8nm | _N)&Snm

(2): 1sn_1 (singlets), 1sn_3 (triplets), n =5; 6; 7 summed over all | 2+, = N
(3): 1sn; n = 8; 9 summed over all | and S 201 -
(c): ¢ = 1s ground state of He Il 01—

Energy levels: from NIST

A for 1s2p 13P — 1s? 1S from Wiese (NSRDS-N.B.S.)
A for groups (1), (1i) from ATOM, intermediate coupling for 1s4f — 1s3d, SL for others
A for transitions inside and between groups (2), (3): Kramers formula

<cv>,, for group (1): CCC-89 cross sections (Bray)

<cVv>,, from group (1) to groups (1i),(2),(3),c: ATOM code (Norm.BA)
<cVv>,, inside groups (1),(2),(3): semiclassical method (Beigman)
transitions to group (1i): intermediate coupling
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Atomic data — collisions with p,d, CEX |

The following atomic levels of He | have been included in the model:

E/eV : singll'et (3;0) : " triplet (s=1) .
(1): 1s?21S; 1snliL; 1snl3L;n=2;3;4,1=0; 1; 2 W= 2= ‘,_ - = =
(1i):1s4f 1F; SF 2373 —
(2): 1sn_1 (singlets), 1sn_3 (triplets), n = 5; 6; 7 summed over all | 24 72\{%7 som we s
(3): 1sn; n =8; 9 summed over all land S H.
(c): ¢ = 1s ground state of He |l 2(:* I

Collisions with heavy particles at thermal energies may only contribute for transitions with
An=0
<oV>,,, for the most important 3| — 3I': from CC-method (code ATCC (Borodin))

for all other transitions: Norm. Born approximation (Borodin)

<oV>.gx from the metastable state 1s2s from code CAPT (Shevelko) with cross sections
for n > 4 from (Janev)

Normalized Born Approximation Close coupling method

_: A,Bi/‘z ) - ;
<U%B> =~ 3(,[%H+X)(,8H/bp+1) -exp(—AE/KT); <v0§> = <’U(ff> : exp(—\/(D/50),d“
B, =Z*Ry/kT - (u/m); bp = 2°P~F;
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Results — Comparison of different models
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proton collisions do not seem to play a strong role

some effect is of course expected at high densities — T, effects are still weak
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Results — T, & n_ diagram (new)
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evaluation ranges could be extended
proton collisions reduce the electron densities

o ' increase the electron temperatures
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Results — Comparison for intensity profile fits (Ohmic discharge)  96705)
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Results — Comparison for Ohmic discharges ( 98026) |

: : : . : : : :
gl-- N ]
: — ; : : i N
/ "."_' Gl i
= E
<2, L. _ = 50 =
@ 60 o
— =
. . . . o 4 .
dﬂ_ B R e B R L EEEEr CEE IR R NREEEPRREPEERE, 3_- ]
2k _
201 .
: : U )
. : i
1 1 =} i i 1
8.4 0.42 0.44 0.46 0.48 0.5 0.52 3.4 0.42 0.52
r [m]

for large radii:

T, IS too large

for small radii:

stronger impact of
higher I-mixing

(not yet considered)
ADAS Workshap, Ringberg Castle

11-12. Cciober 2007

For Ohmic discharges:

The deviation between Brix's CRM and the new one
accounts to 10% for T, and is negligible for n..

The impact of proton collisions as well as of the new atomic
processes (CXRS and a new ionisation rate coefficient)
seems to have a minor effect.
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Results — Comparison for intensity profile fits (small NBI-heating) 95907, 30

#95907 St

#95907 NS
L

T.&nN

e e

strong deviations
(especially for T,)

NS Rl * 7771 for all models at
1801 Cha NS - ;I ..
h : . : 1 \ : : :
120+ . ’."; oL |
& 100 . g Influence from
= wl 1 = o 1 higher levels !?
60} . Al i
aof- -
N M N 2_' 'E"""" I" =
; s ; i ; I e =S
3.4 0.42 0.44 0.46 0.48 0.5 0.52 8.4 0.42 0.44

0.46 0.48 0.5 0.52

r [m] r[m] '
ADAS Workshop, Ringoerg Castle Institut fir Energieforschung 4 (Plasmaphysik) '

11-12. Oclober 2007 Assoziation EURATOM-Forschunaszentrum Jilich APosyieszcak, FZ-Jiich




Trilateral Euregio Cluster

Results — discharges with small NB-heating ( 95896, 300kw)
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much better coincidence now
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Results — discharges with strong NB-heating ¢ 96710, 1200kw)
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again much better coincidence now, NS allows extension into the confined plasma
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Results — comparison with different diagnostics
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He- & Li-beam data
extrapolate well into
the HCN data

TS seems too small
(calibration error ?)
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Summary & Conclusion |

An extended model (to Brix 2000) with proton collisions and CEX processes has
been tested on TEXTOR discharges.

Only marginal deviations => impact of the proton collisions is weak under the
target plasma conditions investigated.

Evaluation with the non-stationary approach (NS) enhances the radial extension of
the profile and cancels relaxation phenomena.
A method to apply the NS method as standard evaluation is under development.

For the measurement errors the range of AT, = 30% and An, = 10% given by Brix
2000 is still valid.
Proton collisions (withT,=T_) do not exceed these margins.

Comparison of the n(r) and T,(r) profiles obtained with other edge
are in reasonable agreement with those from He.

BES on thermal He should be a reliable method for measurements within
2.0x10¥m=3 < n_ < 3.0x10¥m=3and 20 eV < T, < 300eV .
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