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Database for Li-beam modelling W

A = Li n=2,3,4
O states I=s,p,d,f

Basis are
computational
results

from

CCC & AO-CCC

benchmarked with
experimental data

Excitation:

e+ A(nl) > e+ An‘lY)
9"+ A(nl) —» Z9" + A(n‘l%)
Ionization:

e+ A(nl) - 2e + A"

79"+ A(nl) - Za" + e+ A"
Charge transfer:

79"+ A(nl) —» Z@Dt + A
Electron loss:

Sum of 1onization and charge
transfer

For CXRS: CX data for He?", Co*

Latest published update: Schweinzer et al. 1999



¢+ Li(2s) - CCC comparison with other data
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H* + Li(2s) > H* + Li(nl) W

good agreement of AO-CC with experimental emission cross sections

Energy range for proton impact: 2 keV - 1 MeV

c [10"°cm?]

0,1

--------- AO 2s-3d
Ll L AO 3d-2p emis. —— o(3d—>2p) =c(3d) +
A 3d-2p, IAP Wien o(4p) + o(4f)

® 3d-2p, KVI Groningen
2s-3d skaliertere -~ WQ

AO 3p-2s emis. —— o(3p—2s) = 0.24[c(3p) +
A 3p-2s, KVI Groningen 0.43 o(4s) + 0.23 o(4d)]

Verification of
AO-CC results by
Experiments at
KVI Groningen

E

IIO | """1'(')0 | Illllll(l)()()
—35kev L [keV]

beam

Turstra et al. 1999



L1 compared to Na
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Hydrogen
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Hydragen
| _lemls
-]
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I
-4
-5
I,,=54elV I,
ALiap-nsy = 670.8nm Ay

Ty = 27 ns

m,, = Tamu

Na atoms are slower (at equal E,)

/ . / 7
Ey,=EL: vy, = ZLZ "V = 2_3 v, =055y,
Na

=5.1el
a(3p_3s) = 289.0nm / 589.6nm

Ta(sp) = 1O 1S

m,, = 23amu

Less penetration of
plasma?



Advantages of Na beam as compared to L1 W

A 3Sxchannels Li-IXS higher PM
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i uantum
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= u efficiency high
\ . (70 keV) one lower T
assive stabilizer loop 4 -5 mA Na* current smiter
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. pump um
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New database for Na-beam modelling W

A = Na « Excitation:
8 States: 3s, 3p, 4s, e+ A(nl) — e+ A(n‘l)
3d, 4p, 53, 4d, 4f 74t + A(nl) — 749t + A(nclc)
Basis are e Jonization:
computational e+ A(l) — 2¢e + A"
results 9"+ A(nl) - Z9" + e+ A7
from e Charge transfer:
qt + -+ 4+ A+

CCC & AO-CCC 25"+ Alnl) = 2 A

* Electron loss:
Benchmarked Sum of ionization and charge
with experimental transfer

data



Electron-impact target excitation: W

e + Na(3s) —» e + Na(3p)
L R
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fit —

Bray 2006 Ny
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Kim 2001 —-
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Buckman, Teubner 1979 @

Sriva.lstava, Vuskovic 19|80 VA

Cross Section [sz]

10717 — R
10° 10' 102 10° 10*

Energy [eV]

Convergent close coupling calculations (CCC) by
l. Bray, Curtin University of Technology, Perth, Australia



Electron-impact target ionization:

10

e + Na(3s) - Na™ + 2¢”

10-'5 AR e R
e 10716 1 |
O, _
=
8
= i' fit — N
P / fit with core correction -
2 A7 L i Bray 2006 —
© 107 ¢ Johnston, Burrow 1995 -+
. Tan 1996 X
Zapesochnyi, Aleksakhin 1968
Rakstikas, Kupliauskiene 2001 -~
Bates 1965 -
McGuire 1971 -
10-18 . McGuire 19|9?’ —— |
10° 10! 102 10° 10*

Energy [eV]

Convergent close coupling calculations (CCC) for valence

electron;
lonization of core by Lotz formula
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Proton-impact target excitation W

H™ + Na(3s) — H™ + Na(3p)

H™ + Na(3s) — H™ + Na(3d)

10 L 1075 . T
1
fit —
AD-CC =
gcalad GGG -
1015 L Aumayr 1887 10 E fit
[ Jaim 1805 F RO-CC .-
Howald 1083 ecaled CCC -+
Aen 12EE W Jain 1995
Theodosaou TEET Anderzon 1879
Stary 1880 ) Theodosiou 1987
JI__:I.';l:--.r :ﬁ i 107" | Shingal, Bransden 1987
itschin : Anderson 1985 [
Shingal (AD) 1086 & i —
Shinga!, Bransdsn 1887
Fritsch 1087
10—15 i1 3 aaaal i o3 gl L0l 1 L1111 -II:I"|‘ih 1 il 1 ool 1 [ | 1 P | 1 L1
10 10° 10° 10* 10? 1071 10° 10’ 107 10? 10
Energy [k=V] Energy [keV]

Atomic-Orbital Close Coupling calculations (AO-CC)
with 83 Na and 44 H centered states
AE &E)

Scaling of & Epg+[keV] =0.9165 -E[ev].(l — 05 — +4/1-—
Cross sections



Proton impact eloss: SEC + ION W

ross Seaction [r:mE}

H" + Na(3s) s H  +Na™ + ¢

H* + Na(3s) — H” + Na*
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Atomic-Orbital Close Coupling calculations (AO-CC)
with 83 Na and 44 H centered states
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Analytical representation of data I

Non-linear fit of data to analytic formula

« Electron impact target excitation (A, - A,)

4

| A-- 10718 [E — AET A, E
E:-'-:r_’“ (T Z T 3

-~ Y ilem=| = . E Ar -1

7= (e/eV)]em] E [ E ] L=1 (E/AE)I- 1T A n(.hE)

« Electron impact target ionization (valence & core)

wnlE) g (-

As - 1[3‘13

E:-'{t: 2
E/eV) =
(E/feVilem] =—p—

E‘_

3
Lotz formula Zﬂiqiwl — b, - exp(—e(E/P, — 1)) - ©(E — B,);

for core s E

8(E — Ejow)



Analytical representation of data II W

Non-linear fit of data to analytic formula

* Proton-impact target excitation (A,- A,,)

e E - (Aw + (In(An + A:E)T0) |
E

oEXC(E eV )[em?] = 4, - 10~ 1'5{
—AsE e—As/E

£
A= -
FAc T A7 14 Ag - FAw

+ Ay -

} - ©(E - Eiow)

* Proton-impact target-electron loss (A, - A()

~A2/E In(1 + A3E) 4 e~ Ask
E TR

oELOSS (B (ke )[em?] = 4, - 10716 {E } B(E — Ejpy)
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Fit parameters A.:

e.g. table for electron impact excitation of Na(nl)

nl — n'l’ AE Aq Aag Ag Ay Apg Ag Axr
3s — 3p || 2.00037 || -23.3231 38.358 -5.70599 | -3.4816 27.1453 0.453874 | 14.7003
3s — 3d || 3.61642 54.0317 | -27.3057 | -28.6423 | 35.1405 | -0.288761 | 0.381653 | 1.04435
3s — 4s || 3.19192 251105 | -10.8455 | 21.3071 | -13.2455 0 0.58 11.3285
3s — 4p || 3.75248 10.5845 -14.94 T4.7574 | -40.3805 2.12788 [5.9750-10—3| 1.67677
3s — 4d || 4.28447 6.22068 10.1143 | -34.6957 | 32.5314 0.13928 1.08379 2.04554
3s — 4f || 4.28855 (| 0.753717 | 13.9336 | -35.7825 | 31.9556 | 0.0297361 | 0.814152 1.67T582
3s — 58 || 4.11711 15.3199 | -52.26T1 | 52.2258 4.31253 0877115 0504837 | 0.253028
3p — 3d || 1.51705 || -274.802 | 380.104 -38.007 | -51.4476 208.52 |3.675T-10—3 2.21260
_//_\_/_\/\/
4p — 5s || 0.36463 || -6.70865 | -211.981 |1.3883.10%| -522.46 16.0200 8.01680 36.2413
4d — 4f T|[4.08-10—3|| -335.85 [-1.7174-10%| 411.336 | -2.99001 330.533 [3.3763.10—5| 11.1878
5s — 4d || 0.167356 || 4.25353 | -45.5338 | 562.503 | -151.005 |3.0812-10~% 16.3001 560.193
S — 4f || 0171437 | 12,4203 | -126.653 | 615.687 | -306.243 | -0.041334 4.36124 34.695

lgenbergs (IAP Wien), Schweinzer, Bray et al. submitted to ADNDT



/9" 1mpact excitation

7% 4 Na(3s) — 79" + Na(3p)
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For E< 3 keV/amu excitation cross
section becomes almost independent

on projectile charge q
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/9" impact target eloss LA

Z9_Impact Z9 _Impact
Single-Electron Loss from Na(ns) Single-Electron Loss from Na{np)

1&"'45 T . - . ; 1|:|-'15: - T T
._-{E‘ 'IU-1E E ———_—. 3 o
= - -~ - E 1078 |
[% 1ﬂ'-1E - -.. ] I;%
2 : @ ,
= fit He%+ + Mai3s) red. o fit He"+ + Na{ﬂpl red.
© AD-CC Nai3s) + H red. ----»--- Q 17 B AO-CC Ma(3p)+H red. - Ly
B | AO-CCNa(ds) + H* red. ™ T f AO-CC Nai4p) + H red :
1 F  AO-CC Ma(5s) + Hired 4 - = [ AC-CC Nai3p) + He™* red.
f AQ-CC Na(3s) + He .1+ red. ] [
[ AD-CC Nai3s) + Ba™ red.
-mr‘-E — Ll R | el L -16 A i | AR nrirrnnl| . A |
10 10° 10" 10° 100 10 10 10" 101 10° 107
red. Energy [keV/amu] rad. Energy [keV/amu]
a2 -
-ELOSSs __ T L sEBLOss _ 9
red. - ) red. —
NG n'q
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Comparison L1, Na emission profiles W
z T . . Radial range where
2 " + Sodium .
£ ' reasonable density
B osl : : 1 recunstruction is possible
et T rather similar for Li and Na
i | n,, + reconstructed from Na,
Z 10 Lithium  #*, N Li emission profiles
pf) +++ +++Jr ‘ AUG # 20160, t=[ 3.77000s : 3.79000s]
T,_-; 05— +++ ++++ — :-;r, \_\-f -:I
++++++++ ++++++++++++ | {:::p\ll ".
2.0 _-M#T## 1 . MH"': dx10" j III I|
0 5 ) [Em:' 10 1'1\ f | |I
beam axis (cm) "’-E .-F'lf ||| II'.
. - S f -.
Forward calculation of emission @ il / '|
profiles using the same n_ profile / I".
- _,--;,f’/ III\ \"“ﬁ-x
Epeam = 40 keV R e
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Measured Na emission profile

AUG # 21991, t=[ 2.00000s : 2.40000s], f= 1

2.0 T

|
¥
|

rel. Intensiy

L,
mz 1L+ o +%H++1H¢

1 4] ] 10 12 14 16
x (em)

Thermo-ionic emitter coated with 90% Li & 10% Na ->

For a few discharges a mixed Na / Li beam was produced,;

Na emission profile (blue) calculated with n_-profile derived from Li-
emission profile and compared with measured one;
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Summary & Outlook W

Lithium database exists since 1999, is in use on many
experiments — n_ profiles are in good agreement with other
diagnostics;

Results of two advanced computational methods CCC and
AO-CC for collisions of beam atoms with electrons and
lons, respectively, form the core of the database;

Same concept used for Na, database completed recently;

First measurements & simulations using the new Na
database are promising;

Ultimate test of a Na diagnostic beam at AUG will only be
possible after purchasing 40 interference filters for Na(3p-
3s) emission, which is planned for 2008.
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Advantage of Na beams as compared to L1 W

VI Na atoms are slower (at equal E; )

/ . / 7
Ev,=E, vy, = nn;lLl Vi = 2_3 v, #0.55 v,
Na

Less life time smearing !

Vi * Taa = (0.55 'VLi)'(%’ 7,;,)~033-v, -7,

a

Improved spatial resolution for density fluctuation measurements!



Reconstruction of electron density profiles W

Requires Modelling of the Na- Beam :

dN-.
d_Zl — [ne(Z) X (];(Z))-F b,]] Nj(Z)

N. ...  population of Na energy levels
n,.. electron density

a, b ... rates for transitions j—1, 1—]
T, ... electron temperature

e .

22
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Levenberg-Marquardt Method

Varies smoothly between the Gaul3-Newton Method and the
method of steepest gradient descent

Far from the minimum: steepest gradient
Close to the minimum: Gaul3-Newton

Error function:

i[ffé—ffiiz ]

=1



Atomic Orbital Close Coupling (AO-CC) W

Projektile, H™, z9"

—»>— ;’::“__w ————— » Semi-classical Ansatz (E > 0.2 keV)
) » C(lassicial trajectories for heavy particle
5 motion
r * Quantum mechanicl description of
| R(t)=b +vt clectron(s)
2 Li(1§) Core
(H—i—]‘l’zo V=2 a, )
i k

\‘ iISa’ = Ma /Coupled diff. equations

fora b.cond.: a;(t > —©) =0,

Calculation of 6 = (V) in 4 steps:

- expansion with a limited number of states Atomic units
- calulation of marix-elements S u. M (dep. on v u. b) h=1
- solution of coupled equations n‘: =_11

- integration over b
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Comparison Li, Na emission profiles, low n, W
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