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Umbral flash semi-empirical modelling featuring opposite sign flows agrees with classical 
simulations

it is a natural outcome of steepening waves and evidence beyond inversions of the downflowing region contributing 
to formation is found in Bose et al. (2019), Henriques et al. 2020 and Felipe et al. (2021)



…but velocity stratification GREATLY simplifies with resonant cavities for which there is independent 
empirical evidence (Jess et al 2019, Felipe et al. 2019) 

Downflow 

from Felipe et al. (2021)
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…so we have to consider again the possibility of simpler monotonic stratifications at the 
instant of the flash  

Grey scale is the density of atmospheres

Downflowing models 

Upflowing models 

from Henriques et al. (2017) 

LTE investigation necessary! (Henriques et al., 2020) 
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but! Corrugated Umbra model implication: 
the flashing process itself 

 is incredibly fine-scaled in space and time, 
not captured by simulations 

  



Solution 

observations (SST) -> small but full cube delta manipulation on all profiles and weights to trigger local 
solutions (i.e. allow degeneracy to go one way or the other for larger areas) -> invert models (NICOLE)  

-> mm radiative transfer (ART) + ALMA configuration-dependent realistic beam shapes 

  Testable ALMA predictions to resolve non-LTE caused degeneracy 
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Forecasting an UF in ALMA from SST observations 



ALMA synthetics for two umbral flash scenarios 

Quiescent phase  

Upflow dominated 

Downflow dominated  



Downflow dominated  

Upflow dominated 



Quiescent phase  

Upflow dominated 
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ALMA synthetics for two umbral flash scenarios 



Distinction in Band 3 is not possible at array configuration 3 or lower, but possible in Band 6 despite 
lower delta T 

Upflow dominated 

Downflow dominated  

Quiescent phase  



A conditional prediction 

Should cavity effects be important for umbral flashes, then 
Band 3 brightness temperatures will exceed 9500 K for the 
vast majority of time-resolved ALMA sunspots in the early flash 
stage, provided array config better than C-3.  

Likewise and with the same conditionality, Band 6 will exceed 
7900 K for all array configurations. 

If cavities are not important, then these temperatures will be 
rarely obtained at any flash stage of the ALMA observed umbra. 



Takeaways 

•Sensitivity to different UF models starts at such a low height as that sampled 
by Band 6 due to significant contribution above log tau 500 =-3.  

•Band 3 has higher response where models diverge but the lower resolution 
leads to significant mixing of real UF fine-structuring as sampled with SST 
resolution and not present in simulations. For “down vs up” it is as good as 
Band 6.   

•Umbral flashes can explain mm enhancement, need time series 

•Band 7 should be remarkably detailed but upper photospheric in sunspots 

•Semi-empirical data, provides a path to synthetics that give insights not 
possible with those produced from simulations. More than guide they help 
interpret observations taken with very different instruments. 



Two ALMA sunspots 

compilation courtesy of Prof. Alissandrakis (UoI) 



So we are looking forward for high-cadence 
 high-resolution sunspots. Like the ones in the  

Solar ALMA Science Archive (SALSA) 
  

check it out! 

sdc.uio.no/salsa 

http://sdc.uio.no/salsa


Bonus online material for fun 

See the SDFS + SSUBS from Nelson et al. 2017 and Henriques et al. 2020 in a PDF time 
series  

(play with arrow keys in single page mode on your favourite viewer) 

Small-scale umbral brightenings (SSUBs) are distinct from Bharti et al. (2013) 
umbral microjets as the latter seem to be genuine ejections and likely reconnection events (Bharti et 
al., 2020) and the former are brightenings at the base of short-dynamic fibrils (SDFs), either ahead or 

delayed from the umbral flash and, together with other evidence presented in Henriques et al. (2020), 
are formed as part of a highly corrugated steepening wave-front, interacting with the mass movements 

of the short dynamic fibrils.  
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Now just two frames, central flash, lots of SDFs, followed by SSUBs  
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