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The optimisation of radition losses in the pedestal region of H-mode plasmas is an important

ingredient to tune the power flux across the separatrix in a fusion reactor. The radiation critcally

depends on the ionisation balance of the radiating impurity in this region. The ionisation balance

is determined by the ionisation and recombination rates for electron collisions, the recombina-

tion via charge exchange (CX) reactions with neutral deuterium, and the radial impurity fluxes

and can be calculated with an impurity transport code. CX-reactions are usually neglected in

such calculations since the neutral deuterium density nD and temperature TD are not as readily

available as ne and Te, but are needed to compute the respective collision rates. However, even at

low values of nD/ne of a few 10−6, CX-reactions lead to strong modifications of the ionisation

balance in the confined plasma.

At ASDEX Upgrade, neon was puffed into a type-I ELMy H-mode plasma and the radial

density profiles of Ne10+ and Ne8+ were measured from the centre up to the separatrix using

charge exchange recombination spectroscopy (CXRS). Ne8+ can be detected for r/a > 0.4,

rises to the edge and exceeds the density of Ne10+ at the pedestal top where Te=600 eV and

ne=6×1019 m−3. This is in stark contrast to calculations without CX-reactions, where the den-

sity of Ne8+ would be about 18 times lower than the density of Ne10+ at this radial position.

Thus, CX-reactions were included and the nD profile was fitted to achieve the best agreement

with the measured neon profiles. At the pedestal top, the fit yields nD/ne=6×10−5 leading to an

increase of the recombination rates due to CX-reactions by about a factor of 7. Since the CX-

reactions shift the ionisation balance away from the fully ionised species, line radiation of H-

and He-like neon ions is much stronger and the calculated change of the bolometric radiances

due to the neon puff is too low by about a factor of 3 when not including this effect.

Also for argon, we found a strong discrepancy between the measured and calculated total

radiation emitted from the pedestal region of an H-mode plasma when neglecting the contribu-

tion of CX-reactions. Here, the ionisation balance is shifted from He-like argon to Li-, Be- and

B-like stages which can radiate much more effectively than the He-like ion stage. This shift,

which is supported by CXRS and VUV-spectroscopy, increases the total radiated power inside

the separatrix by about a factor of 2.5.

Transport calculations for future machines, which predict radiative losses inside the separatrix

are very sensitive to such effects and might possibly find more optimistic results when including

CX-reactions.
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