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A B S T R A C T 
New ExoMol line lists AloHa for aluminium hydride (AlH and AlD) are presented improving the previous line lists WYLLoT. 
The revision is motivated by the recent experimental measurements and astrophysical findings involving the highly excited 
rotational states of AlH in its A 1 ! − X 1 " + system. A new high-resolution emission spectrum of 10 bands from the A 1 ! − X 
1 " + system of AlD, in the region 17 300–32 000 cm −1 was recorded with a Fourier transform spectrometer, which probes the 
predissociative A 1 ! v = 2 state. The AlD new line positions are combined with all available experimental data on AlH and AlD 
to construct a comprehensive set of empirical rovibronic energies of AlH and AlD co v ering the X 1 " + and A 1 ! electronic states 
using the MAR VEL approach. W e then refine the spectroscopic model WYLLoT to our e xperimentally deriv ed energies using 
the nuclear-motion code DUO and use this fit to produce impro v ed line lists for 27 AlH, 27 AlD, and 26 AlH with a better co v erage 
of the rotationally excited states of A 1 ! in the predissociative energy region. The lifetimes of the predissociative states are 
estimated and are included in the line list using the new ExoMol data structure, alongside the temperature-dependent continuum 
contribution to the photoabsorption spectra of AlH. The new line lists are shown to reproduce the experimental spectra of both 
AlH and AlD well, and to describe the AlH absorption in the recently reported Proxima Cen spectrum, including the strong 
predissociative line broadening. The line lists are included into the ExoMol data base www.exomol.com . 
Key words: line: profiles – molecular data – stars: atmospheres – exoplanets – stars: low-mass. 

1  I N T RO D U C T I O N  
Aluminium hydride (AlH) has been been observed in the Mira- 
variable o Ceti (Kaminski et al. 2016 ), in the photospheres of χ
Cygni, a Mira-variable S-star (Herbig 1956 ) as well as in the spectrum 
of Proxima Cen (Pavlenko et al. 2022 ). 

Accurate ExoMol line lists, called WYLLoT, for AlH and AlD 
were reported by Yurchenko et al. ( 2018b ) to co v er transitions within 
the X 1 " + and A 1 ! systems. These line lists were included into 
a number of atmospheric studies of exoplanets (Chubb et al. 2020 ; 
Braam et al. 2021 ; Rathcke et al. 2023 ; Zilinskas et al. 2023 ) and 
opacity compilations ÆSOPUS (Marigo et al. 2022 ), ExoMolOP 
(Chubb et al. 2021 ), ARCiS Chubb & Min ( 2022 ), EXOPLINES 
(Gharib-Nezhad et al. 2021 ), HELIOS-K (Grimm et al. 2021 ), stellar 
studies (Lyubchyk et al. 2022 ; Pavlenko et al. 2022 ; Sindhan et al. 
2023 ). AlH is yet to be observed in exoplanetary atmospheres. 

The WYLLoT line lists (also known as AlHambra on the ExoMol 
website) were based on empirical potential energy curves (PECs), 
⋆ E-mail: s.yurchenko@ucl.ac.uk (SNY); j.tennyson@ucl.ac.uk (JT) 

Born–Oppenheimer breakdown (BOB) curves, electronic angular 
momentum curves (EAMC) and ab initio (transition) dipole moment 
curves that made up the WYLLoT spectroscopic model. The PECs, 
EAMCs, and BOBs curves were obtained by fitting to experimental 
data on AlH and AlD collected by Yurchenko et al. ( 2018b ), who 
also provide a detailed re vie w of the literature on AlH spectroscopy 
up to 2018. The AlH and AlD curves were fitted separately. 

Very recently, the AlH WYLLoT line list was used to identify 
AlH lines in the spectra of cool star Proxima Centauri (M6 V) by 
Pavlenko et al. ( 2022 ). This study showed the limitations of WYLLoT 
for description of the high J predissociative states of AlH ( J > 8) 
in the A 1 ! − X 1 " + ( v ′ = 1) system as well as the associated 
transitions in the A 1 ! –X 1 " + ( v ′ = 0, 1). In particular, the lines J ′ 
> 9, v ′ = 1, A 1 ! –X 1 " + , which appeared increasingly shifted, were 
also increasingly broadened through the predissociation of A 1 ! in 
the spectrum of Proxima Centauri thus indicating that an additional 
mechanism to describe the predisssociation in AlH is required in 
addition to the radiative, Doppler and collisional effects, included 
in WYLLoT spectra simulations. The limitations in the accuracy of 
the line positions of these lines were attributed to the limitations 
of the underlying experimental data used in WYLLoT, while the 
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Extreme red supergiant VY CMa  
ESPRESSO spectra - emission component



Molecular emission originates in the 
distant part of the circumstellar envelope 
in the gas of temperature of slightly 
above 100 K 

There is no contradiction with earlier 
estimations of excitation temperature of 
700 K and with large distant for emitting 
area from the photosphere
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Emipirical list of lines of ScO A-X band 
and its verification in spectra of M-type stars 
collaboration with Y. Pavlenko (Main Astronomical Observatory, UAS Kiev)
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Spectral analysis of laboratory spectrum of TiO B-X (system gamma’)  

Bands v=2-1, 3-2, 4-3 (already analysed), 5-4 (probably), 6-5 (extrapolated)

HARPS spectrum of Proxima Centauri

TiO B-X system dominates


