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Atomic data needed for analysis of
plasmas with injected impurities

@) EUROfusion | R. Dux and ASDEX Upgrade team
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Outline &&/

« What atomic data are needed to calculate radiation losses and to validate code calculations

* Role of recombination via charge exchange (CX) reactions

« Nitrogen vs noble gases considering NHx
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Main objective of injected impurities: &
Increase radiation losses at the plasma edge

Cooling factors
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» Goal: little impurity radiation in the centre and much
at the edge to mitigate the power load to the wall

» Edge can be the edge of the confined plasma
(DEMO), the divertor (ITER) or the X-point region

* Figures of merit:
- radiation loss at edge / radiation loss in the core
- radiation loss at edge/ fuel dilution in the core

 TASK:
Measure radiation and impurity densities at
edge/core in present day machines Ne
(requires data for diagnostic lines) and refine code
calculations using experimental data
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Example: code for radiation losses in confined plasma &&/

1st step) Find radial distribution of ion stages (n,, T, given)

anz_l %, on

= riD—=-vn_|+ just radial transport
of r ar or

n (S -8 n )+ jonisation via electron collisions
e z-1,z "z-1 z,z+l "z

n (O{ n  —«ao n ) + recombination via electron collisions
e z+1l,z  z+1 z,z—-1 "z o _ _

(radiative + di-electronic)
o (/32+1,Z”2+1 - ﬁZ,z—lnz) recombination via CX with DO

 for all ion stages z of an impurity
* S, a, and 3 are generalized collisional-radiative (CR) rate coefficients,
(e g. mcludlng lonisation from excited states — e.g. from ADAS)
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2"d step) Add up radiation losses for each ion stage &&/

n

P/V = ng Zz n, [lexc,z T lrec,z + n);o lcx,z T Crecz T Cbrems,z]
Radiative rate coefficients
(from equilibrium solution of the CR model for each ion stage)
* leyc . total line radiation due to excitation
* |, total line radiation due to recombination
* leyc . total line radiation due to charge exchange
* Cec. SUM Of all recombination continua
* Cprems 2 Premsstrahlung
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3rd step) model the diagnostic signals &Q/

Line emission as seen by passive spectroscopy
* Photon emissivity coefficients for a single multiplet due to
excitation / recombination / CX

Soft X-ray
 Total radiation coefficients as above folded with the sensitivity of the
soft X-ray cameras

Charge exchange spectroscopy
* Photon emissivity coefficients for CX into high n-levels

 all from CR models
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Outline &&/

e What atomic data are needed to calculate radiation losses and to validate code calculations

* Role of recombination via charge exchange (CX) reactions

* Nitrogen vs noble gases considering NHx
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Cooling factors with/without CX &
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Cross Sections for CX between H and Impurities &

AYZ H[n->ATZ ot
z=32 n=2

* One formula for all impurities in all charge
stages for H in ground state and one for H in
n=2!

z=16 n=2

—h

o

o
—

z= 8 n=2

« New data for total CX cross sections would
be very welcome
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Janev, R.K. and Smith, J.J. (1993)
At. Plas. Mat. Int. Data for Fus., vol.4,
p. 172-174
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Fit to experimental profiles (CXRS) of Ne'* and Ne®*

only when CX is included

 Without CX:
density of Ne®* too low
by a factor 15-28 for 0.9<p,,<0.98

« Prad of Ne in confined plasma
increases by factor 5 when CX'is
included

R. Dux et al. 2020 NF (60) 126039
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VUV Line Emission Ar%* - Ar1st &
SPRED #36448 t=4.25-4.35s

* here just a small region of the spectrum
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VUV Line Emission Ar®* - Ar15* &

#36448 t=4.2-4.4s

photon emissivity coefficients 2_2‘15('" ke) | 1.0—\f+ — -
from new atomic data* for all Ar 1 ng 9l N:':%\_
lons o——=—. | o8l . . . .. ..., ..
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Effect of CX on Ar near separatrix &Q/
lon stages below He-like have much higher abundances

#36448 t=4.2-4.4s I
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R. Dux et al. 2020 NF (60) 126039
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Ar1+ spectrum around 460nm

#40892 LOS:RH2-05 1(s)=2.200-2.500
Ari
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Line Ratios of Ar* &

Line Ratios Ar* T =4eV
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Experiment vs ADAS*: I ADAS -
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Nitrogen vs noble gases considering NHx &

* much better radiator than Ne in small machines
* highly questionable radiator for ITER due the strong hydrogen chemistry

« SOLPS ITER modelling predicts difference between N and Ne to disappear in large devices
(needs further validation)

« what counts is the radiated power per fuel dilution

« if N does not outperform Ne or Ar in this parameter, N should be avoided

| would invest the manpower in atomic data and CR modelling to allow for a good comparison of
N, Ne, Ar, (and Kr) radiators
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Temperature range for atomic data has to be wide: 1eV-10 keV &
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