
5 Nov. 2019, IAEA Headquarters, Vienna, Austria

Atomic Da
estimate Da [atom]

F (n) 

ETe

RTeBn->2
rec

Bn->2
exc

Measured 
Da

ne

Bn->2

Da 
[D2,D2+,D-]

- 
ETe

Da 
[D2]

Da 
[D2+, D-]

Estimate
Damax D2

ne

nD₂/neΔL  

RTe

Db 
[D2+, D-]

Separate
Da [D2+, D-]

ne
RTe

TD₂

Estimate
Damax D2

ne

nD₂/neΔL  

RTe

Spectroscopic analysis

Previously, atomic particle/power
sources & sinks measured [1,2]

Particle balance

Power balance

Dα measurements

TCV density ramp: 3 phases

1) Attached
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At detachment onset, Dα 
rises above estimationsatomic 
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Mol. Dα    too low, but in+(D , D) SOLPS2

agreement after post-processing

• -> reactions with Mol. Dα +  -D D2

• Underestimated by SOLPS
-> Radiation (power losses)
-> Particle gains/losses (MAR/MAI) ‘Post-processed’ SOLPS: AMJUEL (vibr. states)

Preliminary results 
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Investigating the in�uence of molecules on power/particle/momentum balance
in the detached TCV divertor

Dα > expected (atomic)

Conclusions

Measurement details (spectroscopy)
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 vibr. states)

 vibr. states) • Increased  (mostly ) hydrogenic radiation +
D2

• Increased ion losses ( ) (due to  & )  - MAR +
D2

-
D

larger than ( )electron-ion recombination EIR

- - ( + ) < Ionisation MAR EIR ion target �ux

• Onset of  near ‘power limitation’+
D  MAR2

/detachment, followed by  andD MAR  EIR

• Increase ion source (   & D₂) negligibleMAI +D2
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Cause? ? Molecules
reaction -> excited atom -> emission
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Preliminary conclusion / DEMO implications :

• Signi�cant contributions-> Balmer lines

•  (eg   ) near cold target ->Mol.  Dα +D2

- D
associated MAR/rad. loss near target;+D2 , 

- D
 

below ; wider than ion. region EIR region

• [5] atFulcher (600-616 nm) emission 
different location than ion  Dα emiss  

+D2  - D

 

No extra Dα 
with N  seeding2  

assuming 

• Dα emission & anti-correlation Dα & I   cannot be explained with atoms t
+ -      • Additional Dα could be due to D  (and/or D ) - only high with CX & vibr. states2

      • Additional Dα does not appear during N  seeding 2

 

• Particle/power losses plasma-mol. interactions have been analysed experimentally
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Detachment introduction

  
• Detachment: 
Simultaneous reduction , T t It

Requires:
• Particle losses (ion sink
/power limitation
• Power losses
• Momentum losses

kevin.verhaegh@ukaea.uk

Analysis: Balmer n=5,6 atomic only
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Existing atomic particle/power sink source analysis [2] 
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Analysis steps Input
Output

ETe

Molecular particle/power sink source analysis; 
with Yacora [4]
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Obtain : molecular Dα
molecular   = -total atomic

Separate mol. Dα
in  parts+  D₂  D₂  D

Dα ( ) X  +  D₂  D₂  D   rad./reac 
per Dα photon ratios

Molecular   = -Total AtomicAssume all ‘missing’ Dα -> plasma-molecule 

Veri�ed against  syn. diagnostic (SOLPS)

Estimation mol. 
contributions other 
Balmer lines

Iterative scheme

Balmer n=3,4,5,6 - atomic & molecular

Density ramp

• Signi�cant contributions ocation emission D  different to  2
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emission,  &  regionradiation MAR

 

Lyβ
(~40%)

Lyα 
(~40%)

Emission /
absorption

[SOLPS simulations MAST-U post-processed]

-> Different location ,  Lyβ  Lyα
emission -> opacity of both signi�cant
 

Total

15

Contribution plasma-mol.
Balmer lines (%)

n=3
n=4
n=5
n=6

• Power losses: signi�cant plasma-mol. rad in hydrogen spectra during 
detachment (similar to atomic excitation radiation); losses mol. bands small [6]; 
• Particle losses/gains: signi�cant MAR larger than EIR
• Plasma-mol. interaction can in�uence Balmer & Lyman series lines

 

• The inclusion of those losses in plasma-modeling codes may be limited
-> important for extrapolating to DEMO

Plasma-mol.-> 
implications for opacity
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