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One of the sticking points of the energy confinement in plasimghe control of the impurities
by means of the wall conditioning. One of this techniquebésfirst wall boronization as it has
been done in TJ-II sterallator at Ciemat (Madrid) [1]. Vecgarate cross sections are required
to calculate emision lines in charge exchange recombimapectroscopy (CXRS) experiments
when a neutral Hydrogen beam at 30 keV (main energy) is iejeaito the plasma to get
characteristic plasma parameters such as ionic tempermatuaiensity [2].

Although excited hydrogen atoms in the diagnostic neuiahis are in much lower propor-
tion than in the ground state (around 0.5% of the total [Bg, ¢harge exchange cross sections
between excited H(= 2) and fully stripped ions (impurities) are one order of magge higher
which makes their contribution to the total CX cross sedimlevant. Therefore, we study at

intermediate impact energies the charge exchange reaction

B> +H(25) — B*(nim)+H"  0.25keV/amu< E < 1MeV/amu (1)
Ne'® +H(2s) — Ne’*(nlm)+H"  1keV/amu< E < 10keV/amu 2)

using two different formalisms, the semiclassical molacwalose-coupling expansion and the
Classical Trayectory Montecarlo (CTMC).

Semi-classical | mpact Parameter M ethod
In this treatment the nuclei follow classical straightelimajectories with constant velociand
impact parametds (R = vt-+b), while the electronic motion is described quantum-meidziy

through the solution of the time-dependent Schrédingeatoju:

W is expanded in terms of boung({} molecular states OEDMs:

Vrub Y =S ay(ub (T Rle 5O @
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that are eigenfunctions of the nuclei fixed Born-OppenheimaeniltonianHge:

Heo(T,R) Xk (T,R) = Ex (R)x« (T,R) (5)

andU is a common translation factor (CTF), introduced to accdointhe momentum transfer

problem [4, 5, 6]. The time derivative in equation (3) is takey keeping fixed the electron
positionr in the laboratory fixed frame.

Substitution of equation (4) in (3) leads to a set of singtedential equations for the expansion
coefficientsay(v,b,t), which are integrated up to very large tirpgy Capture and excitation

cross sections are obtained by integration of the correipgrprobabilities over the impact

parameters [7]:

nlm

—2n / @8H (v, b,t — o) [2bdb = 271 / Prim(V. b)bab. (6)

CTMC formalism

The statistical phase space distribution satisfies théceldsouville equation:

dp(F,p,v.b,t)

ot _[P(ﬁ ﬁ,V, b7t)7H] (7)

This distribution can be discretized using different classical trajectories [8]:

N
PPN = 3 B(F—1,(8)3(5—Pi©) ®

Z |

Substitution of eq. (8) in (7) yields the Hamilton equatidinat rule the temporal evolution:

oH . oH
o7;(t) it) = - anj(t) ®)

Thus, the quality of the final CX and ionization cross sedianill basically depend on the

rj(t) =

accuracy with we describe the initial spatial and momentuandgl distributions. In previous
A% 4+ H(1s) collisions we have employed either the microcanonical ettydrogenic distribu-
tions. In the former [8], all electronic trajectories hate energy of the exact initial quantum
stateE = Ep. The hydrogenic distribution [9], is obtained (e.g.) usafinear combination of
/" microcanonical distribution. with an average enelfgy: Eg (e.g. [10]).

For excited atomic states (H(2s)) a better description Isexed by using an initial gaussian
distribution

p(ng) = Kye Xe=12°  ny(E) =7, /v/~2E (10)

with K1 andKy normalization constants [11].
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In figure 1 we show the improvement obtained with
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aH i | We apply an Energy criterion to differenciate ion-
{1 1 ization (En = p?/2—1/r > 0,
Eg = 1/2(p— V)2 —Z/|F —b—Vtpad > 0}) from

capture {Eq > 0,Eg < 0}) and excitation
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({En < O,Eg > 0}). The probability for a process

% = ‘5 ‘ 1‘0 \‘\»715 % “6‘.;)‘ - 17\\7 15 2 X reads as

r(a.u.) p(au.)

P(b) = [ dF [ dppx(F,Prtmad) = Nx/N_ (1)

Figure 1: Comparison between different
electronic distributions to reproduce th@hereNy is the number of trajectories that finish in
initial H(2s) state the proces.

Partial nl cross sections were obtained using the

Becker and MacKellar binning distribution [12].

Results

We have perfomed CTMC and semiclassical calculationsBfor, Ne'®" + H(2s)collisions.
Semiclassical calculations used large bases, 223 OEDMSfor H(2s) and 210 folNet® +

H (2s) in order to get accurate cross sections to (very) capturigeehstates of interestin plasma
diagnostics (n=7- n=6; A =4946 Adnd n=12— n=11;1 =6903 Afor B*" andN€e>* respec-
tively).
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Figure 2: (a) Total capture and ionization cross sectiomstfe N&% +H(2s) collisions. b)

Partial semiclassical(- -) and classical-CTMC(—) captrass sections to=10 — 15 states.

For reaction (2) we show in figure 2 a) that the semiclassarah&lism yields accurate values

of capture cross sections for energi€&s> 6keV/amy where ionization is negligibleH <
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Figure 3: a) BT+H(2s) total capture (—-) and ionization (—) together with then-partial
(n=2-8) capture recommended cross sections as a function of {m&cirenergy. b) Oppen-
heimmem~2 extrapolation law foE ~ 10CkeV/amu

15keV/amy; on the other hand, capture and ionization CTMC resultsaaceirate for [ >
6keV/amy. The overlapping between this two methods is almost peiriehe E ~ 10keV/amu
region, where ionization begins to be competitive with cag@tA similar behaviour is found for

n (fig. 2 b) ) andnl partial cross sections (not shown here for space reasons).

Partial capture cross sectionsB6" (n) are presented in figure 3 a); here both sets of results
closely merge in the common region of accuracp48keV/amu< E < 15.41keV/amy al-
lowing us to provide accurate recommended cross sectioadiale also checked (see figure
3 b) for E ~ 10keV/amy the n—3 Oppenheimer rule for high impact energies in order to
extrapolate our results to higheicapture cross sections.

References

[1] F. L. Tabarés, D. Tafalla, R.Balbin, B. Brafias, T. Es#&sdd Garcia-Cortés, F. Medina, and M.A. Ochando.
J. Nuc. Mat, 313-316:839, 2002.
[2] K.J. McCarthy, R. Balbin, and A. Lopez-Fragud®asibility Study on a Neutral Beam Diagnostic Injector
for TJ-1l. Informes Técnicos Ciemat, 2003.
[3] R. C.lIsler.Plasma Phys. Control. Fusio6:171, 1994.
[4] S.B. Schneiderman and A. Russélys. Rey.181:311, 1969.
[5] L. F. Errea, C. Harel, H. Jouin, L. Méndez, B. Pons, and Z&r& J. Phys. B: At. Mol. Opt. Phys27:3603,
1994,
[6] C.Hareland H Jouind. Phys. B: At. Mol. Opt. Phy24:3219, 1990.
[7] B. H. Bransden and M. H C. McDowelCharge Exchange and the Theory of lon-Atom Collisiddsford,
Clarendon, 1992.
[8] R. Abrines and I. C. PercivaProc. Phys. So¢88:861, 1966.
[9] D.J.W. Hardie and R. E. Olsod. Phys. B: At. Mol. Phys16:1983, 1983.
[10] L. F. Errea, C. lllescas, L. Méndez, B. Pons, A. Rierad dn Suéarez.J. Phys. B: At. Mol. Opt. Phys.
37:4323-4338, 2004.
[11] L. F. Errea, C. lllescas, L. Méndez, B. Pons, A. Rieral &nSuérezPhys. Rev. A70:52713, 2004.
[12] R.L.Beckerand A. D. MacKellad. Phys. B: At. Mol. Phys17:3923, 1984.



