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a b s t r a c t
A new line list for the A2  + − X 2  electronic transition of OH has been calculated. Line positions have
been taken from the literature and reﬁtted with Western’s PGOPHER program. Line intensities were calculated using a new ab initio Transition Dipole Moment Function (TDMF) obtained with Molpro 2012. The
new TDMF and the potential functions from LeRoy’s RKR program have been used as input to LeRoy’s
LEVEL program in order to calculate Transition Dipole Moment Matrix Elements (TDMMEs). These matrix elements were transformed from Hund’s case (b) to Hund’s case (a) as required for the PGOPHER
program using the method of Brooke et al. [JQSRT 2016; 168: 142–157] The line list was calculated with
PGOPHER for bands with v = 0 − 4 in the A2  + state and v = 0 − 9 for the X2  state.

1. Introduction
The hydroxyl radical (OH) plays an important role in atmospheric science, astronomy and combustion. OH is one of the major oxidizers in atmosphere [1] and removes toxic organic compounds in the troposphere due to its high reactivity [2,3]. It is
also present in stellar atmospheres [4] including the Sun [5], in
interstellar clouds [6] and in planetary atmospheres [7]. OH X2 
vibration-rotation transitions are a source of nighttime airglow and
are known as the Meinel bands [8,9]. Meinel bands and pure rotational lines can be used to determine the oxygen abundance in the
Sun [10,11] and other stars. OH is also seen in ﬂames [12] and in
other combustion-related processes.
There is extensive literature on OH spectroscopy. Here we summarize some of the more relevant papers but do not provide an exhaustive survey. Coxon [13] used OH A-X line positions measured
with grating spectrographs by Engleman [14], Dieke and Crosswhite [15] and others in his least-squares ﬁt of 1618 A2  + − X 2 ,
774 X2  ro-vibrational [16] and 125 microwave frequencies to determine the spectroscopic constants for the A2  + (v=0 − 3) and
X2  (v=0 − 5) states of OH. Later, Coxon et al. [17] obtained additional molecular constants for the X2  (v= 8, 12), A2  + (v=
4 − 9), B2  + (v= 0, 1) and C2  + (v= 0, 1) states from the X-X, AX, B-X, C-A and B-A systems measured with a grating spectrograph
[18], a grating spectrometer [19] and laser spectroscopy [20,21]. It
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should be noted that most of the lines used by Coxon have a precision of about 0.03 cm−1 and accuracy of perhaps 0.05 cm−1 .
Stark et al. [22] measured a near-UV emission spectrum of the
A-X transition of OH with a Fourier transform spectrometer using
hollow-cathode discharge of 10 mTorr H2 O in 2.2 Torr of helium.
Stark et al. [22] provided line positions for the A2  + − X 2  (0,0),
(1,1), (2,2) bands and derived a set of molecular constants. The majority of the line positions had an accuracy of about 0.002 cm−1 or
better.
The OH A-X line positions in HITRAN 2016 database [23] are
based on the analysis by Gillis et al. [24]. Gillis et al. [24] used
(0,0), (1,1) and (2,2) bands from Stark et al. [22] but the line positions for the (3,2), (2,1) and (1,0) bands are based on Coxon
[13] with an accuracy of 0.05 cm−1 . The line strengths and Einstein
A values are based on work of Luque and Crosley as incorporated
in the LIFBASE program [25].
LIFBASE line intensities are calculated using the transition
dipole moment and transition probabilities of Luque and Crosley
[26]. Although it is not stated in the LIFBASE program notes, the
main source of the line positions seems to be the work of Coxon
and co-workers [13,17,19].
There have been extensive studies on the X2 −X2  ground
state transition (Meinel bands) of OH. Again, we only mention a
few key publications on this topic. Abrams et al. [27] recorded
the infrared emission spectrum of the Meinel bands (v=0-10) by
Fourier transform spectroscopy of an O3 +H ﬂame. Mélen et al.
[28] analyzed microwave and infrared lines from the solar spectrum and laboratory measurements to obtain an improved set of
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Table 1
Observed A-X lines of OH used in this study adopted from literature. The second column shows
the existing bands. The third and fourth column are the maximum J value for the observed
lines and in this study.

a

Observed lines

(v , v  )

Jmax

Jmax (This study)

Stark et al. (1994) [22]
Coxon (1980) and (1991) [13,17]
Derro et al. (2005) [37]

(0,0), (1,1), (2,2)
(3,2), (3,3), (4,2)
(4,2)a

30.5, 22.5, 11.5
19.5, 13.5, 12.5
7.5

35.5, 27.5,18.5
25.5, 25.5,18.5
12.5

Overtone transition in the excited A2  + state.

molecular constants for the X2  ground state. Goldman et al.
[29] updated the line parameters for the X2 −X2  (v , v  ) bands
with v = 0−10 and v= 0−6 up to Jmax = 49.5. Bernath and Colin
[30] used previously published laboratory data and additional lines
taken from infrared solar spectra measured by the ACE FTS instrument on orbit [31] to update the molecular constants for the X2 
(v= 0−13) and B2  + (v= 0, 1) states of OH. The Meinel bands in
HITRAN 2016 are based on Goldman et al. [11] for line intensities,
and Bernath and Colin [30] for line positions. Brooke et al. [32] reﬁtted the X2  ground state of OH using the data of Bernath and
Colin [30] and derived line intensities from a new ab initio DMF.
There have also been many studies on the line strengths of OH
transition in addition to the publications cited above and again we
cite only a few. Crosley and Lengel [33] measured relative transition probabilities in the A-X system of OH by using branching ratios from the emission of vibrational levels v = 0, 1 and 2 in the
A2  + state. Wang and Killinger [34] measured a band oscillator
strength of f=1.13 ± 0.01 × 10−3 for the (0,0) band by laser absorption spectroscopy. Later, Bauschlicher and Langoff [35] calculated
the radiative lifetime of the A2  + state by a very extensive ab
initio calculation of the A-X transition dipole moment. Bittencourt
et al. [36] used a back-propagation neural network to ﬁt potential energy curves and ab initio transition dipole moment (TDM)
points from the work of Bauschlicher and Langoff [35] and computed the A-X transition probabilities and radiative lifetimes for
the A2  + − X2  transition.
The currently accepted line positions and line intensities for the
OH A-X transition in HITRAN and LIFBASE are dated. More accurate line position are now available and the methodology of Brooke
et al. [32] can be applied to improve the line intensity calculations.
Our goal is to provide a new A-X line list covering a broad range of
vibrational and rotational levels for astronomical, atmospheric and
combustion applications.

1.00. The updated molecular constants for the A state are reported
in Table 2. In this study, we used these constants for the A state up
to v = 4 (Table 2) and for the X state for v = 0−9 from Brooke
et al. [32] for our A-X line list.
2.2. Transition dipole moment calculation
Molpro 2012 [39] was used to calculate the ab initio Transition Dipole Moment Function (TDMF) for the A2  + − X2  transition. The transition dipole moment points were calculated from
0.69 Å to 3.00 Å in increments of 0.02 Å. The long range part of
the calculation is needed to obtain reliable line intensities for high
vibrational levels and the close point spacing gives a more reliable interpolation in the LEVEL program (see below). The MultiReference Conﬁguration Interaction (MRCI) method has been used
with aug-cc-pwv5z basis functions [41], and core correlation was
included. The active space includes 5a1 , 2b1 , 2b2 , 1a2 orbitals in
the C2v point symmetry group used by Molpro. The wave functions
utilized for MRCI calculations were obtained by a complete active
space self-consistent ﬁeld (CASSCF) calculation. The TDMF values
were calculated as expectation values and the point-wise TDMF is
available in the supplementary material.
2.3. Potential energy functions
The potential energy functions for the A2  + and X2  electronic states are calculated using Dunham constants with LeRoy’s
RKR program [42]. The RKR program uses vibrational Gv and rotational Bv polynomial coeﬃcients and produces potential turning
points by employing a ﬁrst order semi-classical Rydberg-Klein-Rees
(RKR) procedure. The Gv and Bv constants were taken from Brooke
et al. [32] for X2  state and from Luque and Crosley [26] for the
A2  + state. The potential energy curves for the A2  + and X2 
electronic states with the TDMF are presented in Fig. 1.

2. Method
2.4. Transition dipole moment matrix element (TDMME) calculation
2.1. Experimental data and spectral line ﬁtting
The available observed spectral lines for the A2  + − X 2  transition of OH have been collected from various sources in the literature including (v , v ) = (0, 0 ), (1, 1 ), (2, 2 ) bands from Stark et al.
[22], the (3,2), (3,3), (4,2) bands from Coxon [13,17] and the (4,2)
overtone transition in the excited A2  + electronic state from Derro
et al. [37]. The A state is predissociated [38], which limits the A-X
observations. A summary of observed spectral lines including maximum rotational quantum numbers for each band is presented in
Table 1. The last column in Table 1 is the maximum rotational level
we calculate for the bands. The molecular constants for the X state
of OH were taken from Brooke et al. [32]. The excited A2  + state
constants were determined using PGOPHER [40], but the ground
X2  state constants were already well determined and were kept
ﬁxed at the values of Brooke et al. [32]. To determine the molecular
constants for the A state, we performed a weighted least-squares
ﬁt using PGOPHER, with some of the lines reweighted according to
their uncertainty. The weighted standard deviation for the ﬁt was

The calculated potential energy curves along with the TDMF
points were used as input to LeRoy’s LEVEL program [43]. LEVEL
generates vibrational wave functions and energy levels by solving
1-D Schrödinger equation and subsequently calculates TDMMEs.
The radial range of integration was 0.5-3.0 Å with a radial step size
of 0.0 0 06 Å using cubic splines to interpolate the potential function and transition dipole moment points. LEVEL does not include
electron spin in its calculation, which we refer to as Hund’s case
(b); therefore, these matrix elements (MEs) are in terms of the rotational quantum number ( N) and not ( J). However, it is necessary
to transfer these MEs from Hund’s case (b) to the case (a) in order
to utilize them for intensity calculations using Western’s PGOPHER
program.
2.5. Including electron spin in the TDMMEs
The method of Brooke et al. [32] was used to transform TDMMEs from Hund’s case (b) deﬁned in terms of N to Hund’s case
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Table 2
Molecular constants for the OH A2  + state (in cm−1 ).

T0
Bv
Dv
Hv
Lv

γv
γD
γH

a

v=0

v=1

v=2

v=3

v=4

32420.914388(14)
16.9651348(23)
0.002064145(18)
1.26853(43) × 10−7
-1.95182(30) × 10−11
0.2261003(94)
-4.758(14) × 10−5
4.30(20) × 10−9

35409.51299(57)
16.129520(23)
0.00204754(23)
1.1239(79) × 10−7
-2.603(86) × 10−11
0.216934(91)
-4.464(33) × 10−5
...

38202.5785(17)
15.28676(18)
0.00205566(44)
1.48(26) × 10−7
...
0.21296(72)
-0.0 0 0179(13)
...

40796.1079(53)
14.4223(10)
0.00206463(36)
...
...
0.195955(59)
...
...

43181.741(23)
13.5165(10)
0.0021427(82)
...
...
0.1864(47)
...
...

One standard deviation in the last digits quoted is given in parenthesis.

Fig. 1. RKR potential curves for A2  + and X2  electronic states of OH (in black) with TDMF (in red, with scale on right) for the A-X transition. (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

(a) deﬁned in terms of J by the following equation:
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2.6. J-Dependence of line intensities
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where < η  | Tqk (J   J) | η > are the case (a) MEs, < η  |

Tqk (N  N ) | η > are the case (b) MEs, k is the rank of the transition
moment and is equal to 1 for a single photon electric dipole transition; the component q is 0 for parallel and ± 1 for perpendicular
transitions and  =  +  . The transformation is expressed using
Wigner 3j and 6j symbols.

TDMMEs are a function of the transition dipole moment
and rotation-vibration wave functions. The rotation of diatomic
molecules leads to an increase in the internuclear distance as a
result of centrifugal distortion [44]. The rotational term in the effective diatomic potential means that the vibrational wave functions depend on J. This leads to ro-vibrational coupling and consequently affects the intensity of individual rotational lines for vibrational transitions, which is referred to as the Herman-Wallis (H-W)
effect [45] for vibration-rotation transitions. The rotational part of
the line intensities is no longer given by just the Hönl-London factor and a Herman-Wallis correction factor is needed [46]. For most
heavy molecules, the rotation-vibration interaction is small and the
overall wave function can be written as a product of a vibrational
part and a rotational part. However, since OH is relatively a light
molecule because of the H atom, J-dependent TDMMEs for each
rotational transition have been included in the line intensity calculations. PGOPHER (version 10.0.505) [40] is now able to accept
individual J-dependent matrix elements.
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Fig. 2. TDMFs: This study (|), Bauschlicher and Langhoff (BL) () and Luque and Crosley (LC) (◦).

2.7. Line list calculations
To provide a line list with accurate line intensities, the Jdependent TDMMEs (see Section 2.5.) were input into Western’s
PGOPHER. A line list for the A2  + − X2  electronic transition of
OH has been provided in the Supplementary Material. PGOPHER
provides an extensive line list that includes: J quantum numbers, parity ( f, e), eigenvalue numbers, line position, rotational line
strength, Einstein coeﬃcients ( A), branches and bands [40]. The oscillator strengths ( fJ ←J ) are also calculated by PGOPHER.
3. Results and discussion
3.1. Transition dipole moment function (TDMF)
Line intensities are sensitive to a small variation in the TDMF,
and therefore the accuracy of the TDMF is crucial. As a check,
the calculated TDMF in this study was compared those in the
literature. For example Fig. 2. compares our TDMF with that of
Bauschlicher and Langhoff, [35] and Luque and Crosley [26]. In
general, the agreement is good between the TDMF calculated by
us and those from the literature.
3.2. Einstein A coeﬃcients and lifetimes
The Einstein coeﬃcients (Av v ) were calculated for all possible
bands of the A-X transition by summing all possible transitions
from J =2.5 in the F1 spin component. We obtained the value of
f=1.055 × 10−3 for the oscillator strength of (0,0) band compared
to Wang and Killinger’s value of 1.13 × 10−3 [34]. Transitions with
up to v = 5 were included in the calculations. We note that for
v > 5 the calculated band intensities no longer decrease as expected and they were therefore excluded. This problem in the calculated TDMMEs occurs because of various numerical issues such
as “noise” in the calculated TDMF [47].

Our band Einstein A values are also compared to the results
from the work of Luque and Crosley [26]. Table 3 shows Einstein A
coeﬃcients for all bands (v = 0-4 & v = 0-9) in the A-X system
compared to the same values from Luque and Crosley [26]. Overall the results of our study agree well with Luque and Crosley [26].
The discrepancy for Einstein A coeﬃcients for some bands presumably is the result of slight differences in the TDMFs. From Table 3,
using the Einstein (Av v ) values, the radiative lifetimes were calculated by

τv  = 

1
v Av v

(2)

Our calculated values of τv were compared to the experimental
values of German [48], Copeland et al. [49] and theoretical calculations from Yarkony [38], Baushlicher and Langhoff [35], Luque and
Crosley [26] and Billoux et al. [50]. As shown in Table 4 there is
a good agreement between the radiative lifetimes from this study
and those of the mentioned experimental and theoretical calculations within error.
For a more complete investigation, relative band Einstein A coeﬃcients (Av v /A00 ), assuming A00 = 10 0 0, were calculated and
compared to the experimental values of Crosley and Lengel
[33] (from Table 5 of Bauschlicher and Langhoff [35]), Luque and
Crosley [26] and the theoretical (Av v /A00 ) values of Bauschlicher
and Langhoff [35], and are listed in Table 5. Note that the selected
bands are based on available relative band Einstein A coeﬃcients
from Bauschlicher and Langhoff [35] plus some additional bands
with v = 4.
The experimental papers [26,33] used relative emission intensities (branching ratios) for transition moment calculations. Crosley
and Lengel [33] represented the transition moment as Re = c (1 −
ρ r ) with ρ = 0.75 Å−1 and Luque and Crosley [26] represented
transition moments as a polynomial Re (r ) = a0 + a1 r + a2 r 2 + a3 r 3
with polynomial coeﬃcients derived from the experimental intensity ratios. The relative Einstein A values (Table 5) from the current
study agree well with these studies. However, our theoretical rel-
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Table 3
Band Einstein Coeﬃcients (Av v ) from this study and Luque and
Crosley [26].

a

v , v 

Av v (s−1 )

Av v (s−1 )a

0,0
0,1
0,2
0,3
0,4
0,5
1,0
1,1
1,2
1,3
1,4
1,5
1,6
2,0
2,1
2,2
2,3
2,4
2,5
2,6
2,7
3,0
3,1
3,2
3,3
3,4
3,5
3,6
3,7
3,8
4,0
4,1
4,2
4,3
4,4
4,5
4,6
4,7
4,8
4,9

1.467 × 106
5.901 × 103
1.252 × 102
9.466 × 100
3.880 × 10−2
1.351 × 10−4
4.750 × 105
8.834 × 105
7.284 × 103
5.903 × 102
5.699 × 101
3.411 × 10−1
3.054 × 10−3
9.705 × 104
7.024 × 105
4.700 × 105
5.296 × 103
1.757 × 103
2.137 × 102
2.151 × 100
1.928 × 10−2
1.773 × 104
2.484 × 105
7.144 × 105
2.094 × 105
2.141 × 103
4.179 × 103
7.106 × 102
1.061 × 101
8.647 × 10−2
3.300 × 103
6.827 × 104
3.933 × 105
5.728 × 105
7.097 × 104
1.524 × 102
8.494 × 103
1.680 × 103
4.459 × 101
3.857 × 10−1

1.451 × 106
6.921 × 103
1.986 × 102
1.009 × 101
4.828 × 10−2
...
4.643 × 105
8.595 × 105
8.207 × 103
8.598 × 102
6.022 × 101
3.336 × 10−1
...
9.202 × 104
6.852 × 105
4.472 × 105
5.698 × 103
2.379 × 103
2.201 × 102
...
...
1.551 × 104
2.374 × 105
6.928 × 105
1.931 × 105
2.169 × 103
5.274 × 103
6.347 × 102
...
...
2.850 × 103
6.310 × 104
3.777 × 105
5.495 × 105
6.247 × 104
1.318 × 102
9.968 × 103
1.568 × 103
...
...

values taken from Luque and Crosely [26].

Table 4
Radiative lifetimes of the A state.
v

τv (ns)

Ref

0

679
688 ± 21
693 ± 20
673
686
672
679
732
736 ± 22
750
718
733
783
811
762
785
835
872
803
838
894
937
844
898

This
[48]
[49]
[35]
[26]
[38]
[50]
This
[49]
[26]
[38]
[50]
This
[26]
[38]
[50]
This
[26]
[38]
[50]
This
[26]
[38]
[50]

1

2

3

4

study
(Exp)
(Exp)
(Calc)
(Calc)
(Calc)
(Calc)
study
(Exp)
(Calc)
(Calc)
(Calc)
study
(Calc)
(Calc)
(Calc)
study
(Calc)
(Calc)
(Calc)
study
(Calc)
(Calc)
(Calc)

Table 5
Einstein coeﬃcients (Av v ) relative to A00 = 10 0 0.
v , v 

Luque [26]

This study

Bauschlicher [35]a

0,0
0,1
1,0
1,1
1,2
2,0
2,1
2,2
2,3
3,0
3,1
3,2
4,0
4,1
4,2
4,3
4,4
4,5
4,6
4,7

10 0 0
4.8
320
592.3
5.7
63.4
472.2
308.2
3.9
10.7
163.6
417.4
1.96
43.5
260.30
378.70
43.05
0.09
6.87
1.08

10 0 0
4
322.5
601.2
4.95
65.7
477
317.1
3.6
12
169
485.6
2.22
46.2
266.80
389.81
48.58
0.10
5.74
1.13

10 0 0
5.6
339.5
599.9
6.2
71.4
487.3
323.2
6.3
12.9
177.9
475.8
...
...
...
...
...
...
...
...

a

Calculated with the theoretical TDMF and RKR potentials
with N  = N  = 0

ative Einstein A values agree better with the values derived from
experimental measurements [26,33], compared to the Bauschlicher
and Langhoff values [35].
The Einstein A coeﬃcients (AJ J ) for all the main and satellite
transitions in the (0,0) band of A-X system were compared to the
Einstein A’s for the same transition from HITRAN [23] and also LIFBASE [25] and the results are presented as the percentage difference (A) as a function of J in Fig. 3. It should be noted that
the highest rotational level in the HITRAN database [23] is 15.5;
therefore only the rotational levels up to J =15.5 were included
(Fig. 3 a,b). With regard to HITRAN, the difference is in the range
of 0–2% for the main and 0–10% for the satellite transitions (See
Fig. 3 a,b). In the case of LIFBASE (See Fig. 3 c,d), this difference
remains nearly the same up to  J  25. For the 25 <J 30, the
difference is in the range of 0–4% for the main and 0–40% for the
satellite transitions. For J >35, this difference increases up to 
10% for the main and  60% for the satellite transitions. Here in
Fig. 3 we only present a comparison of Einstein A coeﬃcients for
the (0,0) band; however for the other bands we observed a similar
trend.

3.3. Relative intensities
Another way to evaluate the transition moments is by using line intensities from experiment. It is useful to make a limited comparison between calculated line intensities in this work
and experiment by comparing the peak intensity of a number of
lines from the simulated and observed spectra [22]. However, it
is diﬃcult to do such a comparison because the observed emission spectrum of Stark et al. [22] recorded at the National Solar Observatory at Kitt Peak from a helium plasma cannot be described by a single, well-deﬁned temperature. The spectrum was
obtained from McMath-Pierce facility FTS spectral archives (https:
//nsokp.nso.edu/archives). In order to make a better comparison,
line strength ratios SXy (J  ± 1 )/SQy (J  ); (X = R, P, &y = 1, 2 ) were
calculated for lines with same upper state J value to remove
the excited state population factor from the line intensities. The
line strength ratios for the (0,0) vibrational band with randomly
selected J  were calculated and compared to the observed line
strength ratios as listed in Table 6 including the relative errors. The
calculated relative intensities are within ∼ 1% of the observed ra-
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Fig. 3. Comparison differences of Einstein A coeﬃcients (A) in percent versus J with HITRAN database ((a) main , (b) satellite) and LIFBASE ((c) main , (d) satellite) in the
(0,0) band for the A-X system of OH.

Table 6
Relative line intensities for the (0,0) band of OH A-X transition.

a

Intensity ratio

This Study

Observeda

Percentage error

SP1(3.5) /SQ1(2.5)
SP1(6.5) /SQ1(5.5)
SP1(8.5) /SQ1(7.5)
SP1(11.5) /SQ1(10.5)
SP1(13.5) /SQ1(12.5)
SP1(17.5) /SQ1(16.5)
SP1(20.5) /SQ1(19.5)
SP1(22.5) /SQ1(21.5)
SP1(25.5) /SQ1(24.5)
SR1(2.5) /SQ1(2.5)
SR1(6.5) /SQ1(7.5)
SR1(9.5) /SQ1(10.5)
SR1(11.5) /SQ1(12.5)
SR1(12.5) /SQ1(13.5)
SR1(14.5) /SQ1(15.5)
SR1(17.5) /SQ1(18.5)
SR1(23.5) /SQ1(24.5)
SP2(2.5) /SQ2(1.5)
SP2(5.5) /SQ2(4.5)
SP2(8.5) /SQ2(7.5)
SP2(10.5) /SQ2(9.5)
SP2(21.5) /SQ2(20.5)
SP2(24.5) /SQ2(23.5)
SR2(3.5) /SQ2(4.5)
SR2(6.5) /SQ2(7.5)
SR2(8.5) /SQ2(9.5)
SR2(11.5) /SQ2(12.5)

0.972
0.680
0.626
0.585
0.57
0.556
0.545
0.541
0.536
0.243
0.384
0.420
0.433
0.439
0.447
0.455
0.465
0.782
0.634
0.585
0.569
0.535
0.531
0.374
0.4157
0.430
0.445

0.984
0.675
0.629
0.59
0.58
0.557
0.555
0.547
0.542
0.239
0.392
0.422
0.43
0.44
0.45
0.45
0.471
0.799
0.635
0.59
0.58
0.55
0.525
0.381
0.416
0.4253
0.434

1.21
0.74
0.47
0.8
1.72
0.17
1.80
1.09
1.10
1.67
2.04
0.47
0.69
0.22
0.66
1.11
1.27
2.12
0.15
0.84
1.89
2.72
1.14
1.83
0.057
1.10
2.53

Values are taken from spectra of Stark et al. [22].

tios, indicating very good agreement between the calculated and
observed line intensities.

3.4. Astronomical comparisons
As a further check, we compared our calculated line list to some
observed astronomical spectra. We present the observed spectrum
of the solar photosphere (Fig. 4), and of the metal-poor carbon and
nitrogen-rich star HD196944 (Fig. 5) compared to synthetic spectra
in which the OH lines are based on our new line list. The data
are from a high resolution and high signal-to-noise solar spectrum
observed by Kurucz et al. [51] and the stellar spectrum recorded
with the blue arm of the UVES spectrograph [52] mounted on the
Unit 2 of the Very Large Telescope (Mount Paranal, Chile).
The spectral syntheses are computed via a one-dimensional radiative transfer algorithm under the assumption of local thermodynamic equilibrium (see, for example, [53]). The parameters for
the metal-poor star have been adopted from Masseron et al. [54].
In addition to a speciﬁc model atmosphere that corresponds to
the stellar parameters, the syntheses in Fig. 4 and 5 involve other
molecular and atomic species. These include atomic transitions
from the VALD3 database [55] and NH transitions [56]. While the
syntheses without the OH line list highlight missing transitions in
the simulated spectra compared to the observations, the inclusion
of the OH line list as computed in this work greatly improves the
ﬁt and thus conﬁrms that the current line list is of high quality.
The agreement between the observations and the models is excellent.
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Fig. 4. Comparison between observed solar spectrum (black dotted line) and their respective synthesis with (red) and without (blue) the line list presented in this work.
(For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

Fig. 5. Comparison between observed stellar spectrum (HD196944) (black dotted line) and their respective synthesis with (red) and without (blue) the line list presented in
this work. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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3.5. Summary and conclusion
The observed OH A-X lines were collected from various sources.
A new transition dipole moment function was calculated out to 3.0
Å and it gives good agreement with experimental lifetime values. A
new extensive (v = 0−4, v = 0−9, Jmax = 35.5) line list was calculated for the A-X transition of OH that includes the J dependence of the TDMMEs to improve the accuracy of the line intensities. This line list is available as online supplementary material and
is suitable for updating HITRAN [23].
Note in proof: After the paper was accepted we became aware
of a high accuracy, frequency comb measurement of 12 lines of the
A-X (0,0) band by Fast, Furneaux and Meek (https://arxiv.org/abs/
1805.10194). The proton hyperﬁne structure was removed to yield
6 lines that were used to calibrate the Stark et al. data [22] by
multiplication with the factor 1.0 0 0 0 0 0158. These 6 lines were also
added to the PGOPHER ﬁt; Table 2 and the supplementary line list
reﬂect these changes.
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