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Motivation

@ Impurity concentration afects negatively the fusion power density.
@ CXRS is used as plasma diagnostic for Ti and density.

@ Very accurate cross sections are required to adequately model the
impurity density in plasmas.

@ Using different methods we can give cross sections data in a wide
range of energies.
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Different methods for B>+ + H calculation

Calculations peformed

/ ! N\
Quantal Semiclassical Classical
capture Yes Yes Yes
ionization No(Yes*) No(Yes*) Yes
excitation No(Yes) Yes No(Yes)
Energy interval (keV/amu)
B5*+H(1s) 0.01<E <1 0.25< E £28.58 35.97< E <1000
B5t +H(2s) 0.01<E <1 0.25< E <1541 19.50< E <1000

*: incluing pseudostates
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Molecular Quantal Method

Common Reaction coordinate
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Molecular Quantal Method

Common Reaction coordinate

@ Electronic and nuclear motion are described by quantum
mechanics.

- {w,s) e OheME Ly o)
- SR S ATV

F. Guzméan (ADAS-EU) Charge exchange cross sections for. . . 5/16



Molecular Quantal Method

Common Reaction coordinate

@ Electronic and nuclear motion are described by quantum
mechanics.

£r,R) = R+:s(r,R)
HY =EV s(r,R) = f(r,R)r — 4f2(r,R)R
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Molecular Quantal Method

Common Reaction coordinate

@ Electronic and nuclear motion are described by quantum
mechanics.

£0r.R) = R+1is(rR)
HV =EWV s(r,R) = f(r,R)r — 32(r, R)R

W(r, &) =32, W(r &) = 25 Zioxk(©)0k(r.6)
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Molecular Quantal Method

Common Reaction coordinate

@ Electronic and nuclear motion are described by quantum
mechanics.

A3
—~~
-
Py
~

|

R+ 4s(r,R)
HY =EV s(r,R) = f(r,R)r — f2(r,R)R

\IJ(I’ ’ €) = ZJ \UJ (r ) E) = ZJ Zk X\ll (£)¢k(r ’ 5)
@ {®,} are Born-Oppenheimer eigenfunctions for R=¢.

Helec (1, §)Pu(r, &) = Ex®i(r,§)
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Molecular Quantal Method

Common Reaction coordinate

@ Electronic and nuclear motion are described by quantum
mechanics.

£0r.R) = R+1is(rR)
HV =EWV s(r,R) = f(r,R)r — 32(r, R)R

W(r &) =35V (r€) = X5 Xk xi () (r,€)
@ {dy} are Born-Oppenheimer eigenfunctions for R=¢.

@ Cross Section to the state j from the initial state i

0 = iz 223(23 + 1)[0j — SHE
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Theoretical Methods

Semiclassical Method

Eikonal approach

At big impact energies (E > 250eV /uma) nucleai motion can be
approach by straight trajectories:

R(t)=b+vt
Aq+ \V; Z=wt
A .‘, > >
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Semiclassical Method

Eikonal ecuation

Electronic motion is described by W(r;t) that is solution of the
eikonal equation:

(ou(r;t)
'< at

) = HgW(r;t)

r

W(r;t) is expanded in molecular orbitals (exact, variacional):

t
w(r,t) =l R)Za (t);(r;R) exp[ / Ej(t’)dt’}

with U=CTF.
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Semiclassical Method

Cross Sections

Coupled equation system:

a0 - sa( (e

S

.0
He 7Ia’¢j>+<¢k

_%vzu - vu.v‘ ¢j>) exp {_i /Ot(Ej(t’) - Ek(t'))dt/}

1,_ ., au
—(VU — | D;
2( )+ mn 1>+
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Semiclassical Method

Cross Sections

Coupled equation system:

Din.C.
=
He — i@% ‘¢j> + <<1>k

,%VZU 7vu.v‘¢j>> exp [fi/ot(Ej(t’)fEk(t’))dt’}

(vup+ & ¢J> +

1
2 at

dagt(t) z,-:aj (t)(<¢k

= i{e
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Semiclassical Method

Cross Sections

Coupled equation system:

CTF~v?

da;t(t) ]Zaj (t)(<d>k

i<d>k

9 1 au
Hel —|a’¢j>+ <¢k E(vu)2+ ‘d>j> +

ot
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Semiclassical Method

Cross Sections

Coupled equation system:

S - ol

e

.0
Hel — i— | ®; 0}
el Iat' ]>+<k

7%v2u fvu-v‘q» exp [fi/Ot(Ej(t')fEk(t'))dt’}

CTF~v

Z(VU)? + 8—U <1>,> +
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Semiclassical Method

Cross Sections

Coupled equation system:

(VU)? +

% = Zao({w

= i{e

.0 1
Hel —Ia'¢j>+<¢k >

,%vzu - vu-v' q>,->) exp {fi /;(Ej ') — Ek(t’))dt’}

Phase
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Semiclassical Method

Cross Sections

Coupled equation system:

dagt(t) - lZa,-(t)(<q>k He|7i§ ¢j>+< +8—U ¢j>+
- i<¢k —%vzu —VU.v ¢j>) exp |:—i/ot(Ej(tl)_Ek(t/))dt/:|
Cross Sections:
oAB(v) = 27 [ a8 (v, b,t — oc)|?bab.
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Semiclassical Method

Cross Sections

Coupled equation system:

ou
Jri

Hel —

a0 - sa( (e

S

Cross Sections:

200+ (a2 o)+

't
q>,~>) exp {_i/ot(E,-(t') _ Ek(t’))dt/}

1
—Evzu - VU-v

AB _
oum(V) =21 J ]a

(v,b,t — c0)|2bdb.

nIm

Sif” = Py(b) = [a(v. bt — o0
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Classical CTMC Method

E > 25keV/amu

Electronic motion is described by a statistical distribution of N punctual
charges that do not interact:

p(r,p, ) = & 1L 6 (r —r(1) 8 (p — (1))
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Classical CTMC Method

E > 25keV/amu

Electronic motion is described by a statistical distribution of N punctual
charges that do not interact:
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Classical CTMC Method

E > 25keV/amu

Electronic motion is described by a statistical distribution of N punctual
charges that do not interact:

p(r,p, ) = & 1L 6 (r —r(1) 8 (p — (1))

l Liouville Equation:

0 0 OH 0 OH
p_ {P»Hel}_ alr) el+ p arel

Obtainig the Hamilton Equations:

: oH
n(t) = EI0)

: oH
Pt =- &
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Classical CTMC Method

E > 25keV/amu

Electronic motion is described by a statistical distribution of N punctual

charges that do not interact:

p(r,p, ) = & 1L 6 (r —r(1) 8 (p — (1))

l Liouville Equation:

0 0 OH 0 OH
p_ {P»Hel}_ alr) el+ p arel

Obtainig the Hamilton Equations:
ORI
P =- gy

Pc,eJ(Vs b) = fdl’ fdp peei(r,P,tmax) =

0-C7e7i(v) - 27T fooo db b Pc7e7i(v, b)
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Classical CTMC Method

Initial Conditions

Initial Distributions p(r,p,t — —o0):
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Classical CTMC Method

Initial Conditions

Initial Distributions p(r,p,t — —o0):
@ Microcanonical Distribution:

2|Eq|)%/2 2z
pm(rvp:Eo)=(E‘,ﬂ°3lz)a 5(%*7”* 0)
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Classical CTMC Method

Initial Conditions

Initial Distributions p(r,p,t — —o0): L L L R B B

0,8 —

@ Hydrogenic Distribution: 0,2 ]

I [ L
p(r,p):Zsz’lepm(r,p;Ej) 0123456

0,4 ]
02 ]
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Classical CTMC Method

Initial Conditions

Initial Distributions p(r,p,t — —o0): L L L R B B

0,8 —

@ Continous Distributions TN
Distributions: Gaussian, Rackovic, r ]
Cohen, Eichenauer, etc. L -

12)2 04 ]

k(B
p(E) = Kee (e 0,2 .
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B>+ +H(1s) Cross Sections
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B>+ +H(1s) Cross Sections
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ADAS comparison

BS++ H
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Other fully stripped ions and CRS diagnostic

ADAS comparison

Nel®* + H and Ar*®* + H

Nel0* +H
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CXRS Densities from QEF

CHEAP Results from ASDEX-U
Shot 19365; BV profile (7-6)

Shot = 19365 Time = 2.750 s
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Radial density profile obtained from
the fitting of calculated intensity for
the transition to the experimental
one using the CHEAP code in
different shots in ASDEX-U.
@ Black: Using ADAS qgef data
set

@ Blue: Using UAM qef data set
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CXRS Densities from QEF

CHEAP Results from ASDEX-U
Shot 19365; NeX profile (11-10)

Shot = 19365 Time = 2.750 s
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UAM qef i . . .
5107 1 Radial density profile obtained from

the fitting of calculated intensity for

1 the transition to the experimental

one using the CHEAP code in

E different shots in ASDEX-U.

@ Black: Using ADAS qgef data
set

@ Blue: Using UAM qef data set
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Conclusions

® A wide range of energy cross sections is achieved by overlapping
different methods in its adequate energy.
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Conclusions

® A wide range of energy cross sections is achieved by overlapping
different methods in its adequate energy.

@ Adequate resembling of quantal initial conditions in each situation
is needed for CTMC calculations.

@ Cross sections accuracy is fundamental to obtain impurities
densities by CXRS. There are big differences between the
different calculations in cross sections.

@ Experimental methods which help in providing recommended
cross sections are needed.
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