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Abstract

Collision-Induced Absorption (CIA) phenomena play a key role in the at-
mospheric energy balance, making their accurate parametrization a decisive
factor in modeling planetary atmospheres. This is the primary reason why
the HITRAN spectroscopic database includes a dedicated section for CIAs.
This section became available for the first time in 2012, followed by its first
update in 2019. Five years since the first update, and with a significant
amount of new data now available, it is timely to issue a second update.
In this update, new data regarding collisional pairs that appear in the CIA
section for the first time (H2–N2, N2–Ar, and CO2–H2O) are presented. Con-
cerning collisional pairs already present in the database, new data extending
both spectral and temperature range are available for CO2–CO2, CO2–H2,
CO2–CH4, O2–O2, and O2–CO2, while new experimental data about H2–H2

and H2–He have been included alongside the respective theoretical calcula-
tions. Data sources, comparison among different data, and selection criteria,
are discussed in detail. The final section is focused on identifying the CIA
data that would be most valuable for the planetary science and astrophysics
community in the future.

Keywords:
Collision-induced absorption, HITRAN, Spectroscopic database, Molecular
spectroscopy

1. Introduction1

Collision-induced absorption (CIA) is a process in which light is absorbed2

by pairs of molecules due to the dipole moment that is induced by their3

mutual interaction. The HITRAN database has a specific section that is4

dedicated to this absorption mechanism. One should note that the CIA is an5

absorption mechanism in itself, and does not encapsulate the broadening of6

the monomer absorption lines; however, in the experiments, it is not trivial7

to distinguish it from the far-wing effect from the strong monomer lines.8

The CIA section of the HITRAN database was released in 2012 [1], and the9
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first update was published in 2019 and is presented in the dedicated paper10

by Karman et al. [2], where CIA-related mechanisms, nomenclature, and11

general definitions are also presented. This work presents the second update12

of the CIA section. It is focused on the new data that have been added to13

the database after a thorough research of the CIA-related works that have14

been published in the last five years.15

The CIA section is organized according to the three main factors that16

influence this absorption mechanism: 1) the chemical composition of the17

interacting molecules (collisional pairs); 2) the frequency of the absorbed ra-18

diation; 3) the temperature of the gas molecules. Consequently, the HITRAN19

CIA database is organized as follows. Data at various frequency ranges are20

listed for each collisional pair, and data at various temperatures are available21

for each frequency range.22

CIA data are of great importance in planetary science because CIAs play23

a crucial role in the thermal balance of planetary atmospheres, influencing24

the chemical composition and the physical properties of those environments25

[3]. On Earth, the H2O-N2, H2O-O2, H2O-H2O, and even (to a lesser extent)26

H2O-CO2 collisional pairs contribute significantly to the so-called water con-27

tinuum [4], which is one of the main drivers of the terrestrial climate [5].28

The N2-N2 [6, 7, 8], O2-O2 [9, 10] (and less dominant N2-O2 [8, 11]) also29

play an important role in modeling terrestrial atmospheric spectra at differ-30

ent wavelengths. On Titan, the warming effect of N2-N2 and CH4-N2 CIAs31

inhibits atmospheric condensation on Titan, helping to maintain its dense32

nitrogen-rich atmosphere [12, 13]. CO2-CO2, CO2-H2 and CO2-CH4 CIAs33

may be the key to understanding the climate of early Mars and for esti-34

mating its past surface temperature [14, 15, 16, 17, 18]. On Venus, multiple35

CIA bands from CO2-CO2 collisions influence how solar radiation is absorbed36

throughout the various layers of its hot, dense, and CO2-dominated atmo-37

sphere [19, 20]. These examples, beyond underscoring the fundamental role38

of CIAs in planetary climate modeling, represent atmospheres characterized39

by very different average temperatures. Consequently, including CIA data at40

the appropriate temperature range is an important aspect for climate mod-41

els, and this is why the database lists multiple temperatures for the same42

frequency range.43

However, limiting the relevance of CIAs to atmospheric energy balance44

alone would be an understatement. For example, (O2 –X) CIAs may repre-45

sent the most detectable O2 spectral features in exoplanet transit observa-46

tions, which can be interpreted as potential biosignatures [21]. In fact, they47
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may be the only detectable O2 feature for an Earth-like, cloudy exoplanet48

atmosphere with biologically produced oxygen when observed by the James49

Webb Space Telescope (JWST) [22].50

Beyond planetary science, CIAs have technological applications as well.51

They are being explored in the development of compact, responsive, and cost-52

effective sensors for industrial hydrogen monitoring [23]. In particular, H2-H253

and H2-N2 CIA processes are promising for accurately detecting hydrogen54

concentrations during its production, storage, and transportation [24, 23].55

The examples above highlight both the broad scientific relevance of CIA56

and its potential technological impact. From the large list of all the colli-57

sional pairs studied so far, the ones included in this publication have been58

chosen because their binary absorption coefficients have been added to or59

updated in the HITRAN CIA database. All the database entries that have60

been inserted/updated discussed in detail in Section 2, where each entry has61

a dedicated subsection describing the calculation strategy and/or the exper-62

imental methodology used to determine the binary absorption coefficients.63

Section 3 presents a concise discussion of a list of not yet studied collision64

pairs, frequency ranges, and temperatures which may be important for future65

investigations in planetary science and astrophysics. Finally, conclusions are66

reported in Section 4.67

2. Data68

2.1. General definitions and where to find CIA data69

The precise definition of all quantities tabulated in a database is of pri-70

mary importance, as it eliminates ambiguity and ensures that users can utilize71

the data correctly. This aspect was discussed in detail in Section 2 of the72

first update [2], where the data format, the listed quantities along with their73

corresponding units, and several remarks regarding the distinction between74

pure gases and mixtures (including air) are presented. Readers are strongly75

encouraged to consult that section prior to integrating this data into their76

research activities.77

The CIA data can be downloaded from the HITRAN database at www.78

hitran.org/cia. Data are subdivided in two main groups for clarity: Main79

and Alternate folder (see Table 1, Column 2). Main contains all recom-80

mended data, while Supplementary contains specialized alternatives offering81

specific advantages (extended temperature ranges, spin statistics incorpo-82

ration, or line list consistency) that may be useful for particular applica-83
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tions. Finally, additional information about the data format can be found at84

www.hitran.org/data/CIA/CIA_Readme.pdf.85

2.2. The second update86

This second update of the HITRAN CIA section represents a significant87

enhancement both in terms of collision pairs and absorption bands. Re-88

garding the collision pairs, a total of thirteen have undergone some form of89

modification, two of which have been included in the database for the first90

time. As for the absorption bands, several types of changes have been im-91

plemented: new bands have been introduced for the first time, some existing92

data have been replaced with more recent and accurate measurements or93

calculations, and the temperature range of other bands has been extended.94

The list of the available bands for each collisional pair is presented in Ta-95

ble 1, where modifications introduced in this second update are highlighted.96

Moreover, a graphic representation of what is available in the HITRAN CIA97

database is depicted in Figure 1: this schematic grid displays the collisional98

pairs for which data are available in the database, along with the kind of99

absorption bands included (rototranslational, vibrational, or electronic) for100

each collisional pair.101

Of the two collisional pairs that appear in the CIA database for the first102

time, the first one that is listed in Table 1 is CO2-H2O. The CO2-H2O CIA103

has been investigated by Fleurbaey et al. [25] in a study that combines104

Cavity Ring-Down Spectroscopy and molecular dynamics simulations (see105

Section 2.13). These new data are extremely relevant for the study of the106

atmosphere of Early Mars and exoplanets. The second one is N2-Ar, for107

which rototranslational and vibrational bands are now available thanks to108

the computational work of Serov et al. [26], where calculations have been109

compared with experimental data provided by the same research group [27].110

The role of these new CIA in data for modeling nitrogen-rich atmospheres,111

such as those of Earth or Titan, will be extremely relevant.112

This second update also includes data for collisional pairs already present113

in the database. New data extending both spectral and temperature range114

are available for N2-H2 [23], CO2-CO2 [28], CO2-H2 [29], CO2-CH4 [30, 29],115

O2-O2 [31], and O2-CO2 [32], while new experimental data about H2-H2 and116

H2-He [33] have been included alongside the respective theoretical calcula-117

tions. Among these data, two bands are listed in the database for the first118

time: one regards the study of the H2 fundamental band in H2-N2 based on119

the FTIR spectroscopy experimental work by Wei et al. [23], while the other120
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Figure 1: Schematic grid that graphically summarizes which collisional pairs are
available in the HITRAN CIA database. The different colors represent the different
kind of absorption bands: red for rototranslational, green for vibrational, and blue
for electronic. The newly added data are marked with a star-shaped symbol. The
diagonal dashed line represents CIA of pure gases.

one regards measurements of the CO2-CO2 CIA band around 4000 cm−1 per-121

formed reported in Tran et al. [28]. Details about these new data, comparison122

among different data sources, and selection criteria, are discussed in detail123

in the following subsections.124

System Folder ν range
(cm−1)

T range (K) # of sets Band description Reference

H2-H2 Main 20-10,000 200-3000 113 Roto-translational,
fundamental,
1st overtone

[34]

Alternate 0-2400 40-400 120 Roto-translational [35]
Alternate 2500-6000 120-501 7 Fundamental [33]
Alternate 7974-8650 293 1 1st overtone [36]

H2-He Main 20-20,000 200-9900 334 Roto-translational,
fundamental,
1st-4th overtone

[37]

Alternate 2500-6000 121-504 7 H2 fundamental [33]
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H2-H Main 100-10,000 1000-2500 4 Roto-translational,
fundamental,
1st overtone

[38]

He-H Main 50-11,000 1500-10,000 10 Roto-translational [39]
H2-CH4 Main 0-1946 40-400 10 Roto-translational [40]
N2-He Main 1-1000 300 1 Roto-translational [41]
CO2-He Main 0-1000 300 1 Roto-translational [41]
CO2-Ar Main 0-300 200-400 21 Roto-translational [42]
CH4-He Main 1-1000 40-350 10 Roto-translational [43]
CH4-Ar Alternate 1-697 70-296 5 Roto-translational [12]
CH4-CH4 Alternate 0-990 20-800 7 Roto-translational [44]
CO2-H2 Main 5-1500 100-600 6 Roto-translational [29]

Alternate 0-2000 200-350 4 Roto-translational [16]
CO2-CH4 Main 0-720 100-600 6 Roto-translational [30]

Alternate 5-1200 100-600 6 Roto-translational [29]
Alternate 0-2000 200-350 4 Roto-translational [16]

CO2-H2O Main 5700-6300 296 1 ν3(CO2) + ν1(H2O) [25]
CO2-CO2 Main 1-750 200-800 10 Roto-translational [45]

Main 1000-1800 200-350 6 Fermi dyad [46, 47]
Main 2510-2850 221-297 3 Fermi triad [47]
Main 2850-3250 230-298 4 ν2 + ν3 band [28, 48]
Main 4000-4500 260-295 2 X band [28]

N2-H2 Main 0-1886 40-400 10 Roto-translational [49]
Main 3900-5100 296 1 H2 fundamental [23]

N2-N2 Main 0-450 70-200 14 Roto-translational [50]
Main 0-550 210-300 10 Roto-translational [50]
Main 0-650 310-400 10 Roto-translational [50]
Main 1850-3000 301-363 5 Fundamental [51]
Main 2000-2698 228-272 5 Fundamental [52]
Main 4300-5000 200-330 14 1st overtone [7]
Alternate 30-300 78-129 4 Roto-translational [53]

N2-Ar Main 0-300 70-500 44 Roto-translational [26]
Main 2100-2600 300 1 N2 fundamental [26]
Alternate 2131-2559 300 1 N2 fundamental [54]

O2-O2 Main 1150-1950 193-353 15 Fundamental [55]
Main 7545-8355 246-346 11 a1∆g ← X3Σ−

g (0, 0) [56, 57]
Main 9060-9596 293 1 a1∆g ← X3Σ−

g (1, 0) [11]
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Main 10,512-11,228 293 1 a1∆g ← X3Σ−
g (2, 0) [58]

Main 12,600-13,839 296 1 b1Σ+
g ← X3Σ−

g (0, 0) [59]
Main 14,206-14,898 293 1 b1Σ+

g ← X3Σ−
g (1, 0) [60]

Main 15,290-16,664 203-287 4 Double transitions* [61]
Main 16,644-19,628 203-293 5 Double transitions* [61]
Main 20,000-33,670 223-293 3 Double transitions* [31]
Alternate 1300-1850 193-356 7 a1∆g ← X3Σ−

g (0, 0) [62, 63]
Alternate 7583-8183 206-346 15 a1∆g ← X3Σ−

g (0, 0) [11]
Alternate 9060-9960 206-346 15 a1∆g ← X3Σ−

g (1, 0) [11]
Alternate 10,535-11,125 206-346 15 a1∆g ← X3Σ−

g (2, 0) [11]
Alternate 12,804-13,402 206-346 15 b1∆+

g ← X3Σ−
g (0, 0) [11]

Alternate 14,296-14,806 206-346 15 b1∆+
g ← X3Σ−

g (1, 0) [11]
O2-N2 Main 1300-1850 193-356 7 O2 fundamental [62, 63]

Main 1850-3000 301-363 5 N2 fundamental [51, 64]
Main 2000-2698 228-272 5 N2 fundamental [52, 64]
Main 7545-8355 246-346 11 a1∆g ← X3Σ−

g (0, 0) [56, 57]
Main 12,600-13,840 296 1 b1∆g ← X3Σ−

g (0, 0) [59]
Alternate 7583-8133 206-346 15 a1∆g ← X3Σ−

g (0, 0) [11]
Alternate 12,804-13,402 206-346 15 b1∆g ← X3Σ−

g (0, 0) [11]
N2-Air Main 1850-3000 301-363 5 N2 fundamental [51, 64]

Main 2000-2698 228-272 5 N2 fundamental [52, 64]
Main 4300-5000 200-330 14 N2 1st overtone [7]

O2-Air Main 1300-1850 193-356 7 O2 fundamental [62, 63]
Main 7545-8355 246-346 3 a1∆g ← X3Σ−

g (0, 0) [56, 57]
Main 9091-9596 293 1 a1∆g ← X3Σ−

g (1, 0) [11]
Main 10,512-11,228 293 1 a1∆g ← X3Σ−

g (2, 0) [58]
Main 12,600-13,839 300 1 b1∆+

g ← X3Σ−
g (0, 0) [59]

Alternate 12,990-13,220 298 1 b1∆+
g ← X3Σ−

g (0, 0) [65]
Alternate 7583-8183 206-346 15 a1∆g ← X3Σ−

g (0, 0) [11]
Alternate 9060-9960 206-346 15 a1∆g ← X3Σ−

g (1, 0) [11]
Alternate 10,525-11,125 206-346 15 a1∆g ← X3Σ−

g (2, 0) [11]
Alternate 12,804-13,402 206-346 15 b1∆+

g ← X3Σ−
g (0, 0) [11]

Alternate 14,296-14,806 206-346 15 b1∆+
g ← X3Σ−

g (1, 0) [11]
N2-H2O Main 1930-2830 250-350 11 N2 fundamental [66]
N2-CH4 Main 0-800 70-400 34 Roto-translational [67]

Alternate 0-1379 40-400 10 Roto-translational [68]
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O2-CO2 Main X X X a1∆g ← X3Σ−
g (1, 0) [32]

Main 12,600-13,839 296 1 b1∆+
g ← X3Σ−

g (0, 0) [69]

Table 1: Summary of the different bands for all collisional pairs available in the
HITRAN CIA database, both Main and Alternate folders. The “band description”
specifies which (forbidden) monomer transitions the data set corresponds to and,
where ambiguous, of which monomer. The newly added entries are highlighted
with different colors following the same scheme of Figure 1.

2.3. H2 – H2 fundamental band125

Main contributors to this section: Francesca Vitali and Giuseppe Piccioni126

The fundamental band of H2 is between 1.5 and 4 µm, a spectral range127

important, among the others, for the study of the giant planets’ atmospheres,128

where the H2 CIA represents one of the main sources of their opacity in the129

IR. Due to the lack of experimental data, new experimental measurements130

of the H2-H2 binary absorption coefficients in the [3600, 5500] cm−1 spectral131

range have been recorded with a Fourier spectrometer coupled with a multi-132

pass cell inserted in an atmospheric simulation chamber (the experimental133

setup is described in detail in [70]). The measurements have been performed134

by Vitali et al. [33] for temperatures from 120 to 501 K and a spectral135

resolution of 1 cm−1.136

Those measurements represent an update of the HITRAN database, where137

theoretical models [34] have already been added for a wide temperature range.138

In this spectral region, the colliding molecules go through the ν = 1 ← 0139

vibrational transition and different rotational transitions, generating the Q,140

S and O lines, which respectively refer to a ∆J of 0, +2, and -2 (where J141

represents the rotational quantum number). Those absorption lines are very142

broad and can’t be resolved individually, generating the observed absorption143

band.144

In Figure 2, the H2-H2 binary absorption coefficients can be visualized for145

the seven temperatures investigated.146

At room temperature, a comparison of our results with previous experi-147

mental data [71, 72, 73, 74] has been made and it is shown in Figure 3.148

Good agreement can be observed over the whole band, apart from a149

deviation of the binary coefficients measured by Brodbeck et al. around150

4155 cm−1, where one of the six interference dips is located.151

At all the temperatures investigated, the Q1(1), Q1(0) and S1(1) dips have152

been observed, respectively around 4155 cm−1, 4161 cm−1, and 4713 cm−1.153
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Figure 2: H2-H2 binary absorption coefficients for seven temperatures in the
[120,501] K temperature range [33]. The light blue shaded regions highlight the
spectral ranges where the band was partially affected by water absorption. A blow-
up of the four interference dips present on the left side of the main peak of the
band is shown in the upper right corner

Figure 3: Comparison between our experimental data (solid violet line) and pre-
vious works of Bouanich et al. [71] (black circles), Brodbeck et al. [72] (orange
squares), Mondelain et al. [73, 74] (green star and light blue asterisks)
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The Q1(3) dip, around 4126 cm−1 has been observed for temperatures higher154

than 200 K, while the Q1(2) dip around 4143 cm−1 has been detected at155

temperatures higher than 120 K. Finally the S1(0) dip around 4498 cm−1
156

had been detected just for temperatures below 245 K.157

A blow-up of the four dips present on the main peak of the band can be158

visualized in the upper right corner of Figure 2.159

A more detailed study of the dips is a work in progress, thanks to the upgrade160

of the experimental setup, which will allow us to perform measurements at161

higher spectral resolution and with all the transfer optics in vacuum. This162

will drastically limit the amount of water vapor absorption contamination163

that presently dominates the far wings of the band, as can be seen in Figure164

2.165

2.4. H2 – H2 first overtone around 1.20 µm166

Main contributors to this section: A.O. Koroleva and A. Campargue167

The binary collision-induced absorption (CIA) of molecular hydrogen has168

been measured at room temperature in the first overtone region near 1.20 µm169

[36]. Binary absorption coefficients were derived by cavity ring down spec-170

troscopy (CRDS) at 28 selected spectral points sampling the (2-0) band be-171

tween 7974 and 8650 cm−1. While all previous studies used high density172

samples, the sensitivity of the CRDS method allowed deriving accurate CIA173

by using pressure ramps of pure H2 limited to a maximum pressure of 1 atm.174

After subtraction of the Rayleigh contribution, a purely quadratic pressure175

dependence was obtained for the absorption coefficient at each measurement176

point and the CIA binary coefficients were derived with a 1.5% accuracy. In177

Fig. 4, the CRDS results of [36] which are placed in the alternate CIA folder178

are compared to the theoretical calculations by Abel et al. [34] provided in179

the main folder. The theoretical values appear to be slightly underestimated180

by 5-10%. As these differences largely exceed the experimental error bars,181

the observed deviations give an estimate on the uncertainty of the calcula-182

tions which have the unique advantage to cover all the frequency range and a183

large range of temperature values between 200 and 3000 K. The comparison184

includes also the results of the calculations by Borysow [75] which are also185

underestimated compared to experiment by a larger amount between 15 and186

25% in the considered region. On the experimental side, Brodbeck et al.187

derived H2-H2 CIA values in the region by extrapolation at zero density of188

FTS measurements of the H2 absorption spectrum at densities between 125189

and 291 amagat (at 298K) [76]. The FTS results included in Fig. 4 show an190
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overestimation by 10-30% compared to the CRDS values [36]. Considering191

the very long range extrapolation, the achieved level of agreement can be192

considered as very satisfactory.193

Figure 4: (Adapted from [36]). Frequency dependence of the CIA binary coefficient
at 293.5K in the region of the (2-0) band of H2 and comparison to previous works.
The CRDS measurements of [36] (yellow squares) are compared to calculated values
by Abel et al. [34] provided in the CIA main folder of the HITRAN database (grey
line) and to calculations by Borysow (green line) [75]. Experimental FTS values
by Brodbeck et al. (pink line) were digitized from Fig. 3 of [76]. The CRDS value
near 8075 cm−1 (blue cross) was obtained from [77].

2.5. H2 fundamental in H2 – He and H2 – N2194

Main contributors to this section: Francesca Vitali and Giuseppe Piccioni195

for H2-He, Chuyu Wei and Chris Strand for H2-N2196
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The H2-He section, which already contained the theoretical models calcu-197

lated by Abel et al. [37] for temperatures up to 9000 K, have been updated to198

insert the experimental measurements performed for the fundamental band199

of H2 in the [3600, 5500] cm−1 spectral range and temperatures from 121 to200

504 K [33]. The considered spectral range is important, among others, for201

the study of the giant planets’ atmospheres, where the H2 CIA represents202

one of the main sources of their opacity in the IR.203

A description of the experimental setup used can be found in [70].204

In this spectral region, the absorption band is generated by the broad Q, S,205

and O lines, which respectively refer to a ∆J of 0, +2, and -2 (where J rep-206

resents the rotational quantum number) for the same ν = 1← 0 vibrational207

transition, generated by the collision between a H2 molecule and an helium208

atom.209

Figure 5 shows the H2-He binary absorption coefficients retrieved from the210

experimental data acquired for the seven temperatures considered.211

Figure 5: H2-He binary absorption coefficients for seven temperatures in the
[121,504] K temperature range [33]. The light blue shaded regions highlight the
spectral ranges where the band was affected by water vapor absorption. A blow-up
of the four interference dips present on the left side of the main peak of the band
is shown in the upper right corner

At room temperature, a comparison was made between our experimental212

data and the experimental results obtained by Bouanich et al. [71] and213

Brodbeck et al. [78] as shown in Figure 6.214
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Figure 6: Comparison between our experimental data (solid violet line) and previ-
ous works of Bouanich et al. [71] (black circles) and Brodbeck et al. [78] (orange
squares)

A good agreement can be noted over the whole band, with a visible de-215

viation of the binary coefficients measured by Brodbeck et al. around 4155216

cm−1, where the Q1(1) interference dip has been observed.217

On the H2-He binary absorption coefficients, the Q1(3), Q1(2), Q1(1), Q1(0)218

and S1(1) dips, respectively around 4126 cm−1, 4143 cm−1, 4155 cm−1, 4161219

cm−1, and 4713 cm−1, have been observed at all the temperatures studied,220

except for the measurement at 120 K, where the Q1(3) and Q1(2) are not221

detected. Moreover, the S1(0) dip around 4498 cm−1 had been observed only222

for temperatures below 245 K.223

A blow-up of the four dips present on the left side of the main peak of the224

band can be visualized in the upper right corner of Figure 5.225

A more detailed study of the dips is a work in progress, thanks to the upgrade226

of the experimental setup, which will allow us to perform measurements at227

higher spectral resolution and with all the transfer optics in vacuum.228

This will drastically limit the amount of water vapor absorption contami-229

nation that presently dominates the far wings of the band, as can be seen230
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in Figure 2. We also plan to investigate the dependence of the dips on the231

helium concentration.232

New experimental measurements of the H2-N2 binary absorption coeffi-233

cients in the H2 fundamental band, reported by Wei et al.[23], have been234

added to the main folder for the first time. These measurements were con-235

ducted at room temperature over a pressure range of 0 – 61 atm using a236

FTIR spectrometer with a resolution of 0.5 cm−1, coupled with a 29.12cm237

high-pressure optical cell. The binary absorption coefficients of the H2-N2238

pair were inferred using measurements of a 20% H2/80% N2 mixture by sub-239

tracting H2-H2 contribution based on pure H2 measurements. The resulting240

coefficients are presented in Fig. 7 and compared with the earlier data by241

Hunt and Welsh [79]. While the measured H2-H2 binary absorption coeffi-242

cients from Wei et al. generally agree with those of Hunt and Welsh, the243

CIA cross sections for the H2-N2 pair near the intercollisional dip differ by244

approximately 40%. It is worth noting that the H2-N2 binary coefficients245

reported by Hunt and Welsh were obtained using H2/N2 mixtures up to 300246

atm, whereas the H2-H2 measurements were limited to pressures up to 100247

atm. Therefore, the observed discrepancies in the H2-N2 data are likely due248

to higher-order effects at elevated pressures. The values reported by Wei249

et al., derived under more moderate and binary-representative conditions,250

are considered more accurate for binary absorption and have been included251

in this update. These measurements were further validated across different252

H2/N2 mixture ratios and showed good agreement. Additional details re-253

garding the experimental setup and validation procedures can be found in254

Ref. [23].255

2.6. N2 – Ar roto-translational band256

Main contributor to this section: E.A. Serov + collaborator(s). Waiting257

for data.258

Argon is a significant component in planetary atmospheres, and although259

its abundance is usually relatively low, the N2−Ar CIA spectra may still be260

relevant in modeling nitrogen-rich atmospheres. Furthermore, it is speculated261

that N2−X CIA data at elevated temperatures could be of importance for262

characterizing the cold stars’ atmospheres. However, the current dataset is263

limited to temperatures up to 500 K, and future studies will be necessary to264

extend this range to higher temperatures.265

The N2−Ar CIA coefficients are introduced for the first time, based on266

the data issued from the trajectory-based simulations carried out in Ref. [26].267
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Figure 7: Comparison between the measured H2-N2 CIA absorption coefficients by
Wei et al. (solid lines), now included in HITRAN, and earlier data by Hunt and
Welsh (dash lines), both at room temperature.

The simulation of N2−Ar CIA opacity was conducted using the trajectory-268

based approach extended to include the vibrational mode of N2, allowing to269

assess the validity of the conventionally used approximation of rigid monomers.270

To achieve this, the full-dimensional representation of the two-body compo-271

nents of the intermolecular energy and induced dipole was constructed by272

applying the permutationally-invariant polynomial neural-network (PIP-NN)273

approach, which is discussed in detail in application to weakly bound systems274

in Ref. [80]. During the construction of the surfaces, the range of variation of275

the N2 bond was chosen to enable the description of monomer vibrational ex-276

citations up to 3,000 cm−1. Ab initio values for both intermolecular energies277

and induced dipoles were derived quantum-chemically at dense grids using278

the coupled-cluster level of theory. The contributions from both bound and279

unbound states were accounted for using the same computational scheme.280

HITRAN CIA tabulates 44 spectra for temperatures spanning from 70281

to 500 K. To simulate the N2−Ar rototranslational band at each temper-282

ature, an ensemble of 2 million trajectories was employed, and Schofield’s283

desymmetrization procedure was applied to bring it in correspondence with284

the quantum detailed balance principle. As shown in Figure 8, the results285

of the trajectory-based simulation exhibit satisfactory agreement with the286
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Figure 8: N2−Ar collision-induced absorption spectra at 300 K in the rototransla-
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measurements reported by Dore and Filabozzi [81] and Ryzhov [82].287

In Ref. [26], millimeter-wave spectra of the N2−Ar mixture were recorded288

using a resonator spectrometer [27] over a temperature range of 278–333 K289

and a frequency range of 170–260 GHz. A comparison with these measure-290

ments, displayed in the inset of Figure 8, revealed a discrepancy with the291

trajectory-based result of less than 5%.292

2.7. N2 fundamental in N2 – Ar293

Main contributor to this section: E.A. Serov + collaborator(s). Waiting294

for data.295

We include N2−Ar CIA coefficients at 300 K in the N2 fundamental based296

on the theoretical results from Serov et al. [26], which spans from 2,100 to297

2,600 cm−1. As outlined in preceding section, the trajectory-based frame-298

work was extended to accommodate the N2 vibration [26], enabling for si-299

multaneous modeling of CIA in both the rototranslational band and the N2300

fundamental band. To achieve converged spectral profile, an array of 60301

million classical trajectories was employed. Due to the stiffness of the N2302

vibrational mode, it remains largely inactivated when a classical trajectories303

examination is performed at temperatures in the 70–400 K range. And thus304

only the harmonic variation in the potential energy determines the resulting305

position of the CIA band. To address this, the theoretical spectrum’s band306

center, as presented in Figure 8 and in HITRAN tables, has been shifted307

to align with the observed band’s maximum at 2392.92 cm−1. Addition-308

ally, a combination of two quantum corrections was applied to the classically309

calculated N2−Ar CIA band in N2 fundamental. First, a procedure put for-310

ward by Bader and Berne [86], which is commonly employed for adjusting311

vibrational IR amplitudes, was utilized assuming absolute frequency scale.312

Second, the profile was subject to procedure due to Schofield [87] with the313

frequency determined in relation to the band center. The trajectory-based314

profile is shown in Figure 8, alongside a set of experimental data from Refs.315

[54, 83, 84, 85]. Additionally, the CIA coefficients measured by Moreau [54]316

are provided in the Alternate folder for reference.317

2.8. CH4 – N2318

Main contributors to this section: Artem Finenko + Iouli Gordon319

In exoplanet studies, nitrogen-dominated atmospheres are explored for320

super-Earths [88, 89]. Particularly in regimes analogous to that of warm Ti-321

tan it is likely that the radiative balance is influenced by the CH4−N2 CIA. A322
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prominent example of a nitrogen-based atmosphere in Solar System is Titan,323

where CH4−N2 CIA is the prevailing source of opacity in the 150–450 cm−1
324

region. In the Richard et al. [1] effort, data for CH4−N2 CIA, determined325

by Borysow and Tang [68], was adopted. The Main Folder CH4−N2 is now326

updated with the results of the trajectory-based consideration conducted in327

Finenko et al. [67], which provides data at 34 temperatures ranging from 70328

to 400 K.329

Within the trajectory-based approach, while treating collision partners as330

rigid rotors, the time-evolution of interaction-induced dipole is accumulated331

over an ensemble of 5-10 million classical trajectories. The resulting dipole332

correlation function is subsequently transformed into a CIA spectrum via a333

Fourier transform. The utilized intermolecular potential and induced dipole334

surfaces were obtained from the Ref. [90], were they were constructed based335

on the ab initio data calculated at the coupled-cluster level of theory. The336

classically derived trajectory-based profiles were subject to desymmetrization337

procedure, which involved a linear combination of the desymmetrization fac-338

tors put forward by Schofield [87] and Frommhold [91]. This semi-empirical339

CH4−N2 CIA model was incorporated in the radiative transfer model of Ti-340

tan’s atmosphere of Bézard and Vinatier [92] to generate synthetic radiance341

spectra. The parameters of the linear-weighted desymmetrization were opti-342

mized to reproduce the radiance measurements performed by the Composite343

Infrared Spectrometer (CIRS) [93] aboard the Cassini spacecraft. As shown344

in Figure 9, synthetic profiles simulated using the semi-empirical CH4−N2345

CIA model exhibit excellent agreement with the CIRS data. Simulations us-346

ing the Borysow and Tang’s CH4−N2 CIA data resulted in poorer agreement347

with the CIRS measurements, which has led to proposals for introducing348

heuristic correction factors to improve modeling accuracy [94, 92].349

The opacities calculated by Borysow and Tang [68] are based on effective350

isotropic potentials combined with adjusted short-range induced dipoles, for351

which the intrinsic parameters were derived by fitting to experimental spec-352

tra. However, since the experimental data are only available down to 126353

K [95], it is not surprising that differences are observed between the semi-354

empirical data of Finenko et al. [67] and Borysow and Tang’s data [68]355

for temperatures in the 70–100 K range, which is primarily targeted by the356

CIRS/Cassini measurements.357

The trajectory-based results agree closely with the available experimental358

data [95, 96, 97], as illustrated in Figure 10, which compares the theoretical359

data with measurements from Birnbaum et al. [96] at two representative360
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Figure 10: CH4−N2 collision-induced absorption spectra at 162 K and 195 K.
Theoretical results from Finenko et al. [67] are represented with orange lines,
while experimental measurements from Birnbaum et al. [96] are denoted with solid
circles.

temperatures. Recent experimental measurements of CH4−N2 CIA reported361

by Johnson et al. [97] in the 30–400 cm−1 range at approximately 130 K362

provide validation for Finenko et al.’s data [67]. The positions of primary363

and secondary absorption peaks in the measurements [97], which are 75 and364

206.5 cm−1, and are in close agreement with those of Finenko et al.’s data365

[67], which are 80 and 206 cm−1. However, the data of Borysow and Tang366

[68] exhibit a secondary peak at 158 cm−1, which is notably different from367

the experimentally measured position.368

2.9. CO2 – CO2 (ν1/2ν2) around 7.5 µm369

This section is blocked for now as there are still data that need to be370

processed. Main contributors to this section: Jacopo Terragni, Erika Kohler,371

H. Tran, J.-M. Hartmann372

The HITRAN CIA section has been interested by multiple changes re-373

garding the CO2-CO2 collisional pair in this second update. In particular,374

the Fermi dyad region (1100 - 1800 cm-1) has been updated with new data375

covering a large range across room temperature, which now span from 192376

K to 500K.377

The first subset of Fermi dyad data covers the temperature range from378

192 K to 360 K. These experimental data refer to the work of Baranov et379

al. (2004) [55] and have been recently recovered. These newly recovered380

data expand both the temperature range and the number of temperatures381
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Figure 11: The different CO2-CO2 CIA bands available in the HITRAN database.

for which binary absorption coefficients are listed with respect to the previous382

update [2].383

The second subset of Fermi dyad data consists of the recent experimen-384

tal data reported by Terragni et al, [? ]. In this work, a series of CO2385

spectra were collected from 300 K to 500 K (25 K steps) and a resolution386

of 0.5 cm−1. Measurements were performed integrating a SPECAC environ-387

mental cell (3 cm path lenght) into a Bruker Invenio R FTIR spectrometer.388

Details about the experimental apparatus, measurement procedure, and data389

analysis are reported in [? ] with particular emphasis on the technical aspects390

implemented to avoid water contamination. The Fermi dyad is a CO2-CO2391

CIA band showing a characteristic true dimer absorption superimposed to392

a smooth feature resulting from free-free collisions and quasi-bound pairs [?393

]. Gas cells with long path lengths (tens of meters) are generally used for394

CIA measurements [46, 48, 28], while the one of the environmental cell used395

in [? ] is considerably shorter, requiring a much higher gas number den-396

sity. Consequently, the true dimer absorption features are not resolved due397

to pressure broadening. To overcome this, spectra are fitted using the Fermi398

dyad band shape proposed by Tran et al. [28] in which true dimer features399

are included. This semi-empirical model is based on the Baranov et al. [55]400

dataset and is valid up to 500 K. A selection of the new data for the Fermi401

dyad is reported in Figure 11.402

2.10. CO2 – CO2 3(ν1/2ν2) around 4000 cm−1
403

Main contributor to this section: H. Tran and J.-M. Hartmann404

Absorption of pure CO2 in the 4000-4500 cm-1 region were recorded at405

295 K and 260 K, for pressure up to 40 bars, using a Fourier transform406

spectrometer with a resolution of 1 cm−1 and a single-pass cell of 215 cm.407

Three CIA bands were observed at 4060, 4277, and 4380 cm−1, with the408

most intense band located at 4060 cm−1. For this band, the measured bi-409

nary absorption coefficients yield band-integrated intensities of (4.10 ± 0.65)410

10−6cm−1amagat−2 at 295 K and (5.03 ± 3.08) 10−6cm−1amagat−2 at 260411

K. The much larger uncertainty at 260 K is due to the higher noise level of412

the spectra measured at this temperature. The measured band-integrated413

intensities and band shapes are in good agreement with values previously414
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Figure 12: CO2−H2 collision-induced absorption spectra at 300K, along with model
predictions at 100 and 600K [29, 73]. Theoretical results from refs. [29] and
[73] are represented with black solid and dashed lines, respectively. Experimental
measurements from refs. [29], [73] and [99] are denoted by magenta, lime and cyan
colors, respectively. Previous data from HITRAN CIA 2019 (ref. [2] ; shown for
comparison), based on theoretical calculations from ref. [16], is represented by the
grey line.

reported in Ref. [98]. Finally, note that due to the high pressures consid-415

ered, the large spectral resolution, and the low signal-to-noise ratios, no clear416

dimer signatures were observed for these CIA bands.417

2.11. CO2 – H2418

Main contributor to this section: Martin Turbet and Didier Mondelain419

The CO2-H2 CIA is a source of absorption that has been proposed as420

the potential greenhouse contribution responsible for the increase of the sur-421

face temperature of a CO2-dominated early Martian atmosphere above the422

melting point of water [15, 16, 18]. This could potentially explain the pres-423

ence of aqueous mineralogic and geomorphologic features visible today on424

the ancient terrains of Mars [100]. In this update, the binary coefficients in425

the main folder correspond to the output of the semi-empirical model de-426

tailed in Appendix A of [29] and in [73]. These calculations are based on the427

“isotropic approximation” and provide the area-normalized spectral shape of428
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the CIAs. The latter are then multiplied by the integrated intensity calcu-429

lated using the formalism developed by Gruszka and Borysow [101] to fully430

account for the influence of the intermolecular potential anisotropy on the431

0th order spectral moment of the band. This model has the advantage of432

providing data over a large range of wavenumber and temperature. Here433

data are given in the 0–1500 and 2500–6000 cm−1 spectral regions for tem-434

peratures spanning between 100 to 600K. Three sets of experimental data435

have been used to test/validate this model at room temperature. A first436

one covering the 50–550 cm−1 interval comes from spectra recorded for vari-437

ous mixtures of CO2 and H2 with the Bruker IFS 125HR Fourier transform438

spectrometer (FTS) of the AILES line at the SOLEIL synchrotron. The ex-439

perimental setup as well as the spectra treatment are described in [102]. The440

measured CO2-H2 CIA is presented in [102], and updated in [29] with sig-441

nificantly lowered uncertainties, thanks to a second measurement campaign442

where the stability of the helium-cooled detector temperature was improved.443

The second dataset was also obtained using the AILES line at the SOLEIL444

synchrotron, but cover the 3950-4350 cm−1 interval, thanks to a change in445

the experimental design permitted by the implementation of diamond win-446

dows [99]. The third dataset is derived from absorption spectra obtained447

with a cavity ring down spectrometer (CRDS) in Grenoble for four spectral448

intervals in the 4255–4720 cm−1 CO2 transparency window which is within449

the (1-0) band of H2. Series of spectra were recorded for two mixtures of450

H2 + CO2 with different fractions of H2 (∼70% and ∼30%) and at different451

pressures between 10 and 93 kPa.452

Binary coefficients calculated at 300K are in reasonable agreement with453

the experimental data for the roto-translational band [29] and the central part454

of the region of the fundamental band of H2 [99], but some discrepancies455

remain (see Fig. 12) certainly due to the isotropic approximation for the456

interaction potential and to the fact that the short range components of the457

induced dipole is neglected.458

The binary coefficients calculated in [16] are provided in the alternate459

folder for the 0-2000 cm−1 spectral range and for temperatures between 200460

and 350K. In this latter work, the CO2-H2 CIA is calculated from a linear461

combination of the known H2-H2 and CO2-CO2 CIAs with the spectrally in-462

tegrated intensities of these new CIAs determined from ab initio calculations463

of the zeroth order spectral moment. Comparison of these calculated values464

to the experimental data and to the data provided in the main folder are465

plotted in Figs. 1 and 2 of [29] and shows a quite large overestimation of the466

24



Figure 13: CO2−CH4 collision-induced absorption spectra at 300K, along with
model predictions at 100 and 600K [29]. Theoretical results from refs. [30] and
[29] are represented with black solid and dashed lines, respectively. Experimental
measurements from ref. [29] are denoted by magenta color. Previous data from
HITRAN CIA 2019 (ref. [2]; shown for comparison), based on theoretical calcula-
tions from ref. [16], is represented by the grey line.

absorption for the former dataset.467

2.12. CO2 – CH4468

Main contributors to this section: J.-M. Hartmann and Martin Turbet469

A consistent number of works have been dedicated to the CO2-CH4 colli-470

sional pair in the last few years, all of them motivated by the fact that CH4471

could have been an effective warming agent in the reducing atmosphere of472

early Mars [15, 16, 18]. The HITRAN CIA section has been updated with473

two new entries.474

The first one regards the data reported in Fakhardji et al. [30] and475

has been made available in the Main folder. In [30] the far-infrared (roto-476

translational) CIA of CO2-CH4 mixtures was computed using classical molec-477

ular dynamics simulations. The rotational and translational dynamics of the478

molecules were computed using the CO2-CH4 intermolecular potential pro-479

posed by Hellmann et al. [103], along with the long-range development of480

the interaction-induced dipole provided by Li et al. [104] (see Eqs. (1)-(3)481

therein), fed by the numerical values provided in Table IV of the same work.482
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This enables the prediction of the induced dipole autocorrelation function483

which, after introducing a desymmetrization factor and performing a Fourier484

transform, provides the absorption spectrum. The effect of different desym-485

metrization procedures (see Eqs. (6)-(9) in [30]) is presented in detail and486

compared with the so-called “isotropic approximation”, showing how this lat-487

ter procedure leads to CIA underestimation. Calculations using different488

desymmetrizations are compared with experimental measurements (at room489

temperature) reported in [29]. Due to the satisfactory agreement between490

predictions obtained by using the “P2” desymmetrization and experimental491

data (see Fig. 13), P2-based results have been included in this HITRAN CIA492

update for temperatures of 100, 200, 300, 400, 500 and 600K.493

The second set of data can be found in the Alternate folder and refers to494

the semi-empirical calculations reported in Turbet et al. [29] which provide495

CIA binary absorption coefficients across a broad spectral domain (0-1500496

cm−1) and for a wide range of temperatures (100–600 K). This model is497

grounded on experimental measurements recorded at the AILES line at the498

SOLEIL synchrotron facility [102, 29], using a Bruker IFS 125HR Fourier499

transform spectrometer (FTS) and a 2.5m long multi-pass cell (see Section500

2.1 of [102] for additional details on the experimental apparatus). The model501

is based on the “effective” isotropic potential proposed by Bastien et al. [105]502

and the empirical short-range components of the induced dipole are included503

following the approach of Borysow & Tang [106]. Additional details about504

this model can be found in the supplementary material of [29].505

2.13. CO2 – H2O506

Main contributors to this section: H. Fleurbaey and A. Campargue507

The continuum in H2O−CO2 mixtures is important for the Venusian at-508

mosphere [107, 19] and potentially for the atmospheres of Early Mars [108],509

early Earth and exoplanets [109]. In addition to the far wings of the CO2510

and H2O resonance lines broadened by collisions with H2O [66, 110, 111, 112]511

and with CO2 [110, 113, 112], respectively, a CIA band has been measured512

near 6000 cm−1. This band has been observed in spectra of humidified CO2513

recorded by cavity ring down spectroscopy (CRDS) at pressures below at-514

mosphere [25]. It corresponds to the simultaneous excitation of 12CO2 and515

H2O colliding molecules in the ν3 antisymmetric and ν1 symmetric stretching516

mode, respectively. This attribution is validated by (i) the good agreement517

with classical molecular dynamics simulations (CMDS) of the considered CIA518
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based on the dominant dipole induction mechanism associated with the vi-519

brational matrix elements of the dipole of CO2 (ν3) and isotropic polarizabil-520

ity of H2O (ν1) and (ii) the CRDS spectra recorded near 5940 cm−1 with a521

highly enriched 13CO2 sample since the measured CIA isotopic spectral shift522

(∼ -68 cm−1) coincides with that between the ν3 bands of 12CO2 and 13CO2.523

The binary coefficients (in cm−1amagat−2) are provided here between 5700524

and 6300 cm−1 from a Lorentzian function with the experimental parameters525

reported in Table 1 of [25] for the ν3(
12CO2) + ν1(H2O) CIA band.526

2.14. O2 – O2, O2 – N2 and O2 – air 1∆ band527

Main contributors to this section: Erin Adkins and Didier Mondelain528

The weak 1∆ band near 1.27 µm is increasingly called upon for air-mass529

determination from ground-based and space-borne atmospheric spectra be-530

cause of its spectral proximity to CO2, and CH4 bands at 1.6 µm, in contrast531

to the more distant A-band at 0.76 µm. For this purpose, it is important532

to well characterize not only the narrow absorption lines but also the strong533

underlying broad CIA structure and its temperature dependence. This latter534

has been experimentally characterized in works of Refs [114] and [56] at 296535

K and in Ref. [57] at 271 and 332 K. This lead to the measurement of the536

BO2−O2, BO2−N2 and BO2−air binary coefficients for the O2 − O2, O2 − N2537

and O2 − air systems, respectively. Compared to the HITRAN2020 version,538

in this updated version the data of Maté et al. [115] are replaced in the main539

folder by the ones derived from Refs. [56] and [57]. More precisely, data pro-540

vided here correspond to the binary coefficients (in 10−6cm−1amagat−2) of541

the CIA, and their uncertainties, for the BO2−O2, BO2−N2 and BO2−air binary542

coefficients from 246 to 346 K with a temperature step of 10 K in the 7545543

- 8355 cm−1 range. The adopted spectral step is 1 cm−1. These coefficients544

(Figure 14) are derived from the measurements done at 271, 297 and 332 K545

by CRDS and described in Refs. [56] and [57]. The binary coefficients at the546

temperature T for a given system O2 − x are derived using Eq. 1 and the547

BO2−x(297K) and dBO2−x

dT
values of [57].548

BO2−x(T ) = BO2−x(297K) +
dBO2−x

dT
(T − 297K) (1)

The uncertainties of the binary coefficients are calculated from the esti-549

mated uncertainties on the binary coefficient at 297 K, UncBO2−x(297K),550

and on the temperature dependence coefficient, Unc
dBO2−x

dT
[57] with:551
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Figure 14: Overview of the binary coefficients provided in HITRAN2024 for the
singlet delta band between 206 and 346 K.
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UncBO2−x(T ) = UncBO2−x(297K) + Unc
dBO2−x

dT
abs(T − 297K) (2)

To extrapolate the temperature range of the binary coefficients down to552

206 K, the parametrized model of recent quantum calculations for CIA [11],553

which is detailed in [116], is applied between 206 and 236 K. In this parame-554

terized model, BO2−O2 and BO2−N2 are given by the superposition of the spin-555

orbit and exchange mechanism line shapes reported by Karman et al. [11]556

scaled by temperature-dependent mechanism intensities, which were adjusted557

to simultaneously model the previously described CRDS measurements of558

BO2−O2, BO2−N2 and BO2−air at various temperatures [114][56][57]. System-559

atic differences between the parameterized CIA model and measurements560

result in integrated binary absorption coefficients that differ by less than 2.7561

% over the measured temperature range [116]. While this shows good agree-562

ment between measurements and theory, recent measurements report O2-air563

integrated binary absorption coefficient differences of only 0.11% [114]. The564

difference between the parameterized model and measurements justifies the565

CRDS measurements described above being used in HITRAN2024 in the566

temperature ranges where they can be extrapolated with confidence (246 K567

– 346 K)[56][57] and using the parameterized model beyond that region (206568

K – 236 K) [116]. The uncertainties of the binary coefficients given by the569

parameterized model are defined as the mean of the maximum magnitude dif-570

ferences between the parameterized model and the binary coefficients given571

by Eq. 1 over the temperature range where the parameterized model was572

optimized.573

2.15. O2 – O2 Double transitions574

Main contributors to this section: H. Finkenzeller and R. Volkamer575

The double transitions in the UV-VIS spectral range are important for576

the detection of several gases that have overlapping absorption features in577

this wavelength range, e.g., BrO, HCHO, NO2, CHOCHO.578

The data for the double transitions in the range 20 000− 29 800 cm−1
579

were updated, the data in the range 29 800− 33 670 cm−1 were added. The580

source study, using a cavity enhanced absorption spectrometer similar to the581

study underlying the previous data[61], but employing an optimized data582

acquisition and analysis approach, accomplished to spectrally resolve the rel-583

atively weak transitions at 315, 328, 428, 495 nm. The absorption at 495 nm584
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Figure 15: Update to the O2 – O2 double transition cross section in the 20 000−
29 800 cm−1 range (293K) and comparison to previous data.[31, 61, 117, 118] The
weak transitions labeled with an asterisk (303 and 397 nm) are not measured but
extrapolated from the trend in each system. Note the non-zero absorption for the
entire spectral range, resulting from the instrument baseline correction assuming
exponentially decreasing absorption in the wings of transitions.

corresponds to the transition a1∆g + a1∆g ← X3Σ−
g + X3Σ−

g , ∆νtot = 3.585

The absorption at 340 nm is determined with a higher signal to noise ratio,586

resulting in different shape and intensity. The accounting for the instrument587

baseline does not make the assumption of zero absorption between bands588

[117, 61], but uses exponentially decreasing absorption in the wings of the589

transitions. The trend within the systems was used to extrapolate the even590

weaker transitions at 303 and 397 nm.[119] As a result of the baseline cor-591

rection and extrapolation of transitions, the continuum CIA in the range of592

20 000− 33 670 cm−1 is estimated. The integral cross section (of the tran-593

sitions with sufficient SNR) is found to increase slightly with temperature594

(223, 263, 293K).[31]595

The updated cross section has been found to significantly improve the596

fit quality and reduce the uncertainties for retrievals in the UV spectral597

range.[120] The previously observed but unmeasured absorption at 328 and598

428 nm [121] is now resolved. The accuracy of the cross section regarding599

temperature was demonstrated in an atmospheric field study.[10] Since its600

publication in 2022, the new data have been used in the retrieval of e.g.601
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BrO[122], IO[123], HCHO[124, 125], CHOCHO[126], NO2[120], H2O[127].602

An increasing number of studies confirm that the cross section is quantita-603

tively accurate for remote sensing purposes.[120, 10] The weakest transitions604

in the UV-VIS spectral range at 397 and 415 nm remain to be measured di-605

rectly, but are currently of little relevance to remote sensing. Interestingly,606

the origin of trends and outliers regarding the symmetry and intensity of607

transitions within system remain unclear. For example, the transition at608

380 nm is symmetric and weaker than the ∆νtot = 1 transition. The larger609

set of transitions at improved SNR available now provide an opportunity to610

develop theory.611

3. Wish list612

Similarly to the first HITRAN CIA update [2], inputs from the planetary613

science and astrophysics communities have been collected and a list of much614

needed CIA data is presented here. Before discussing in detail the data615

still missing as requested by the scientific community, it is worth recalling616

what new data have been produced over the past five years to address the617

gaps listed in the wish list of the previous update. In that work, CO2–CO2,618

CO2–CO2, and CO2–CH4 were listed as collision pairs that deserved more619

detailed studies, especially in the 0-1000 cm−1 range. These pairs have been620

investigated in recent studies [30, 102, 29, 73], and thanks to them, more621

accurate data will be part of the CIA database with this second update.622

Moreover, the wish list of the update suggested how the interaction of H2O623

with other species deserved further study, especially for early Earth and624

exoplanet applications: the work of Fluerbaey et al. [25] is a great first step625

in that direction.626

Between the 2019 update and the current release of the HITRAN CIA627

section, a pivotal advancement has reshaped scientific perspectives in astro-628

physics and planetary science: the successful launch of JWST, which has629

enabled observations of astrophysical phenomena and celestial bodies with630

unprecedented precision. Among other accomplishments, JWST has granted631

an unprecedented and fast-paced series of discoveries in the field of exoplan-632

ets. In particular, with JWST now being the primary instrument for studying633

exoplanet atmospheres, the new CIA data that would be most valuable to634

the scientific community are strongly connected to the spectral coverage of635

JWST. When these atmospheres are studied in Transmission Spectroscopy636

with NIRISS/NIRSpec, the typical observational range extends from 0.6 to637
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5.3 µm, with the possibility of extending this range to approximately 10–12638

µm for planets with a high signal-to-noise (S/N) ratio, such as Hot Jupiters639

[128, 129]. In this wavelength range, new CIA binary absorption coefficients640

should be measured/calculated at different temperatures to match the tem-641

peratures of the large variety of atmospheres that can be found outside our642

Solar System. Regarding hot atmospheres, our knowledge of magma oceans643

would benefit from CIA data at high temperatures of collisional pairs that644

can be found in reducing atmospheres (e.g., X-H2) [130], while our modeling645

of Venus and Early Earth’s atmosphere would benefit from CO2-X CIA data646

above 350K [131], both in the far- and in the mid-infrared. In particular,647

CO2-O2 CIA data up to 700K could be useful to study planetary atmospheres648

around M dwarf stars with extended pre-main sequence phase [132].649

As already pointed out in the previous wish list, new CIA data for N2-X650

(with X=H2, He, Ne) collisional pairs at even higher temperatures (up to651

3000K) would improve M and brown dwarf stars characterization [133, 134].652

In addition, to better characterize these stars, new CIA data at stellar tem-653

peratures would help in turn the characterization of exoplanet atmospheres654

(Know Thy Star, Know Thy Planet is the mantra of the exoplanet detection655

and characterization communities [135]). In fact, stellar contamination has656

long been recognized as a major bottleneck in transmission spectroscopy, be-657

cause it could lead to the wrong interpretation of key atmospheric molecular658

features [136].659

4. Conclusions660

From Solar System planetary bodies and exoplanets to white and brown661

dwarfs, collision-induced absorption plays a crucial role in the atmospheric662

thermal balance of these celestial bodies. To provide a reliable and up-to-663

date compilation of all the available CIA data reported in literature, the664

HITRAN CIA section was established in 2012 [1], updated in 2019 [2], and665

is now undergoing its second update. In this update, new data published666

over the past five years –including both laboratory measurements and theo-667

retical calculations– have been reviewed, compared, and either incorporated668

or not into the HITRAN CIA section. This second update became neces-669

sary due to the consistent amount of recently published data, most of which670

published as a response to the data deficiencies highlighted in two previous671

works. In particular, two collisional pairs, N2-Ar [26] and CO2-H2O [25],672

have been included in the database for the first time. New data regarding673
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other collisional pairs already present in the database, including N2-H2 [23],674

CO2-CO2 [28], CO2-H2 [29], CO2-CH4 [30, 29], O2-O2 [31], and O2-CO2 [32],675

have been included either because of their improved accuracy or because of676

their extended frequency or temperature range. Each new database entry is677

highlighted in Table 1 and is accompanied by a dedicated subsection that678

discusses the experimental procedure and/or theoretical framework used to679

produce the data. Despite the remarkable effort to produce new data, the680

CIA section is still far from being complete: more measurements and calcula-681

tions are needed, especially at different temperatures. They will be extremely682

relevant to better interpret current and future observations of exoplanetary683

atmospheres, which are extremely diverse in terms of constituents and tem-684

perature distribution. The new data included in the second update will be685

made available at www.hitran.org/cia starting INSERT DATE HERE.686
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