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Molecular transitions

• Electronic transitions in the visible –
rotational lines of the vibrational bands 
resolved in the high resolution FTS 
spectra of solar atmosphere – obtained at 
KPNO – NSO digital archive

• Pure vibrational and rotational lines in the 
infra red and radio regime







MOLECULAR LINE OBSERVATIONS

• Temperature and pressure fluctuations in the 
photosphere

• Imaging of T-min region
• Intensity oscillations in active regions
• Evershed flow in penumbrae
• Excitation temperature - layer of formation
• Isotopic abundances
• G – band (CH at 4310 A), excellent proxy for 

magnetic features. CN at 3883 better contrast !



Diatoms in sunspot umbrae

• Rowland(1895) to Wallace & Hinkle(2001) 
identified and confirmed presence of CN, 
TiO, CaH, CH, MgH, AlH, and FeH

• Presence uncertain for CN, C2 Swan, 
MgO, ZrO, VO, CrH, etc.

• Search negative for BH, BN, BO, etc.
• Wohl (1971) – extensive search 



Prerequisites for identification

• Reliable vibrational and rotational analysis 
data providing the molecular constants

• Frank Condon Factors – transition 
probabilities

• High resolution umbral spectra



Present study
• Search for AlF transitions, suspected to be 

present by Wohl (1971)
• Transition probabilities significant as determined 

by Murty (1977), Joshi et al. (1982), Kumar, 
Rajamanickam & Bagare (2002), Kumar, Bagare 
& Rajamanickam (2003, 2004) for 13 electronic 
transitions

• Searched for 1497 lines due to 11 band systems 
of 5 electronic transitions in the range of 4400 –
9000 A



Methodology

• Lines classified as present, shoulder, 
merged (strong atomic or other molecular 
line present) or doubtful (difference from 
laboratory wavelength higher than 0.02 A)

• Present plus shoulder taken as identified



Method of coincidence

• In order that identifications are not 
statistical coincidences only, we define

N    total number of lines present

X    width of region in A

M    number of lines searched for

x     tolerated departure in A (0.02)



Complementary test

• Intensity distribution in P, Q, and R 
branches, and the pattern of peaking of 
absorption maximum studied for 
confirmation of identification

















Effective rotational temperature

• Reported values of umbral T use mostly 
the observations of TiO, MgH, and FeH

• Present values in the range of 1740 to 
4800 K

• 1240 ± 120 K  for D – A (0,0)
• 2390 ± 400 K  for F – A (0,0)



Conclusions

• Over 600 lines due to 11 bands of AlF
identified and confirmed

• Effective rotational temperature estimated 
for relatively `cool’ umbra

• A 10 Å region identified with predominantly 
AlF lines present – potential diagnostic 
window for T and oscillation study (low 
scatter from neighbouring photosphere)

• Need for T modeling of umbrae
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