
Type equation here.

Detachment WILL be necessary during ITER/DEMO operation for divertor survival!

𝑝𝑙𝑡. 𝑝𝑙𝑜𝑡(𝑥00, 𝑦00, ′𝑜′) 𝑒𝑥𝑐𝑒𝑝𝑡 𝑉𝑎𝑙𝑢𝑒𝐸𝑟𝑟𝑜𝑟: 𝑝𝑙𝑡. 𝑒𝑟𝑟𝑜𝑟𝑏𝑎𝑟(𝑥00, 𝑦00, 𝑦𝑒𝑟𝑟 = 𝑒𝑟𝑟, 𝑓𝑚𝑡
= ′𝑜′) 𝑒𝑟𝑟. 𝑎𝑝𝑝𝑒𝑛𝑑(𝑓(𝑦)) 𝑓𝑜𝑟 𝑦 𝑖𝑛 𝑦00: 𝑓 = 𝑖𝑛𝑡𝑒𝑟𝑝1𝑑(𝑦𝑦, 𝑥𝑥, 𝑓𝑖𝑙𝑙_𝑣𝑎𝑙𝑢𝑒 = ′𝑒𝑥𝑡𝑟𝑎𝑝𝑜𝑙𝑎𝑡𝑒′) 𝑒𝑟𝑟 = [] 𝑦𝑦
= [64, 62] 𝑥𝑥 = [0.05, 0.2]𝑡𝑟𝑦:

Rotational temp. evolution with Greenwald fraction

Widget prediction of Balmer line ratio n=6 to n=5 using data ). 

Vibrational distribution of the first four 
vibrational bands at the start and end of the 
MAST-U Super-X density ramp: shot 45244.
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Plasma-molecule interaction 
plays an important role in 
detachment in both the MAST-U 
and TCV divertors.

Studying D2 molecules rotational and vibrational 
distributions via high res. Fulcher band spectroscopy

Tsanko V et al, Phys. Plasmas 19, 123503 (2012) (adapted)
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High resolution Fulcher band spectrum:  
MAST-U shot 45244

MAST-U Super-X density ramp: shot 45244

Lower divertor Fulcher band emission evolution inversion captured by multi-wavelength imaging system.  

Populations of v = 1, 2, 3 bands (relative to v = 0) vs 
ground state rotational temperature.

Deepening detachment in a D2 density ramp in the MAST-U and TCV divertors leads 
to an increase in the ground state rotational temperature of the molecules.

Fulcher band line data from 
Lavrov & Umrikhin [3] 

Kinetic processes transfer energy to the molecules.

The v = 2 and v = 3 vibrational band populations (unlike the v = 1 band) are 
being driven up during the density ramp as rotational temperature increases.
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MAST-U
deeply detached

Detachment WILL be necessary during 
ITER/DEMO operation for divertor survival!
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Rotational temperature (gas temperature) of 0.2 to 0.6 eV in TCV divertor.

*   See author list of J. Harrison et al 2019 Nucl. Fusion 59 112011  

** See author list of H. Reimerdes, et al. 2022 Nucl. Fusion 62 042018
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Future direction:
• Use of rotational temperature increase to estimate power transferred to the molecules.
• Vibrationally resolved modelling and Franck-Condon analysis to investigate what ground 

state vibrational distribution and processes lead to measured distribution.


