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Brief overview of HITRAN

Credit: Y. Tan

O Line-by-line (high precision) : HITRAN2016 molecules (49 molecules)

Species (isotopologues) in line-by-line portion of HITRAN

H,O (6) NO (3) HCI (4) N, (2) COF2 (2) NO* (1) C,H, (1)
CO, (10) SO, (2) HBr (4) HCN (3) SF, (1) HOBr (2) HC,N (1)
O, (5) NO, (1) HE (2) CH,CI (2) H,S (3) C,H, (2) H, (2)
N,O (5) NH; (2) ClO (2) H,0, (1) HCOOH (1)  CH,OH (1) CS (4)
CO (4) HNO; (2) OCS (5) C,H, (3) HO, (1) CH,Br (2) SO, (1)
CH, (4) OH (3) H,CO (3)  C,H, (2) o (1) CH,CN (1) C,N, (1)
o, (3) HF (2) HOCI (2) PH, (1) CIONO, (2)  CF, (1) COCL(2)

O Absorption cross sections : (~320 molecules, with ~2000 experimental cross sections!)
O Primarily from the PNNL database [1] and the Hodnebrog review [2].

O HAPI (the HITRAN Application Programming Interface) [3]
O A free open source Python module (library) for working with HITRAN data.

O Aerosol Properties

ici - H [1]S. Sharpe, et al., (2004), App. Spectrosc. 58, 1452.
O CO"ISIOn IndUCGd Absorphon (CIA) [2] @. Hodnebrog, et al. (2013), Rev. Geophys. 51, 300.

[38] R. V. Kochanov, et al. (2016), JQSRT 177, 15.



Brief overview of HITRAN
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[2] @. Hodnebrog, et al. (2013), Rev. Geophys. 51, 300.
[38] R. V. Kochanov, et al. (2016), JQSRT 177, 15.



Accessing HITRANonline

o (@)
= g% =
H IT RAN On [’n e §§ %ﬁ’ Logged in as Robert Hargreaves | Logout 8
Ammmwmmp@* oo :
Home Data Access Documentation Conferences Links About g'
Line-by-line
The HITRAN Da “"™ 40 &
Absorption Cross
Sections
HITRAN is an acronym e smission molecular absorption News
YM collision Induced P
database. HITRAN is a Absorption copic parameters that a variety Registration is open for the upcoming -
of computer codes use the transmission and emission HITRAN/ASA conference, June 13-15th,
of light in the atmosph_ Aerosol Properties 2018. Abstract deadline is May 4, 2018.
L=l 9000 users milestone v
HAPI . .
The data on this website corresponds to the -
Supplemental HITRAN2016 edition g
Articles describing HITRANonline, HAPI, -

and new line-shape representations

All inquiries can be made to HITRAN's v
support team at info@hitran.org

Database Updates

Minor corrections to the CO, line list v

www.hitran.org [1] C. Hill, et al., JQSRT 177, 4 (201¢)




Accessing HITRANonline

Credit: |. Gordon

2 Y :
HITRANonline ~ ~__ 7/~ S

.
Home Data Access { C Links About
Line-by-Line Search 40 &
1. Select Molecules
Selectindividual molecules below or Select all then: _
Line = 3 Smin Jem™(molec:em?) S max JemYj(molec:em™?)  Overview
1D Formula Name count Vinin fem Vinax J€M P Py m
1 H,0 Water 304225 8400x10° 25710.825  1.055x10°%° 2.662x 10718 ot
O2 co, Carbon Dioxide 559874 0.757 14075.298  5.937x107° 3.542 %1078 il
O3 o, Ozone 449570 0.026 6996681  1.498x10°! 4.059 x 1072 Ll
Ca N0 Nitrous Oxide 160287 0.791 10363.675  1.000x107%° 1.004x 10718 il
Carbon
Os co . 5381 3.402 14477.377  1.013x10°%° 4.556% 10719 Lotal
6 CH, Methane 450332 0.001 11501.872  1.052x 107" 2.114x 107" lnl
07 o, g:;;':]lar 14085 6.440%107 17272.060  1.960x10% 8.797x 102 ol
Og  nNO Nitric Oxide 105079 1.000%10° 9273.214  1.451x10°%° 2.322x10%° bl
3 50, Sulfur Dioxide 95121 0.017 4092948  3.101x107° 4.851% 1020 il
Nit
010 NO, Dionae 104223 0.498 3074153 4240%x1078 1302 10°° it
011 NH, Ammonia 67148 0.058 10348.719  2.115x107° 5.493x 107 ik
[J12  HNO, Nitric Acid 1008972 0.007 1769.982  3.246x107%° 3.198x 1072 sl
Hydroxyl
D13 oM R: dir;’? 33058 0.003 35874.955  8.504% 108 6.449x 1017 Ll
14 HF :ﬁi?ﬁ:n 20010 13.620 32351.592  1.009 x 10°%? 1.460 % 10717 sl
15  Hal gﬁﬂ:ﬁﬁi“ 53252 5.342 20231.245  1.003 % 107 5.038 % 1071° and
Hyd
[J16 Her Bryo:iﬁz" 8980 7.656 16033.492  3.148x 107 1214x 10719 il
17 HI :j){jdi:;ge" 4751 5.888 13907.689  9.342x 10754 3.420%10°2° lub.
i1z co T\:fltl:;l):]ije 11501 0.015 1207.639 5.944 % 10730 3.196x 107! and
Carbonyl
Ois  oCs Sz[ﬁ;’;‘y 33030 0.396 7821109 3.000x 1028 1248x 10718 il
U200 H,CO Formaldehyde 44601 1.000%10° 3099.958  4.441x107° 7.436% 1020 il H
: v C. Hill, et al., JQSRT

O21  Hocl :cyi"dﬂcmoms 16276 1.081 3799.682  1720x10°2% 3.360% 1020 il 177, 4 ( 201 6) .



Accessing HITRANonline

Credit: |. Gordon

HITRANo, HITRANonline N tmineemtirmtins
Home I _ Data Access

Line-by-Line Searck  Line-by-Line Search 40 &
1. Select Molecules 2. Select Isotopologues

Selectindividual molecules b Select isotopologues for the following molecules then—

Select one isotopologue only to search by vibrational band.

1D Formula Nam
CH, Select all
[1 H,0 Water s  AFGL . _  Line v jem® v jem? Smi“[cm'lj(molec-:mq) Sm[:m'l,l(molac-cmq]
O2 «co, Carbon D iz E | e (1] L]
O3 o, TRTE 1 *cH, 211 0.988274 313943 0.001 11501.872  1.052x 107" 2.114x% 107
Ca  no NitrousO  [02 | *CH, 311 0.011103 77626 0.032 11318537  4.100x 103 2363x10%
- o EreaT O3 *cH,D 212 6.157510%107° 54550 7.760 6510324  3.528x 107 5.714x 1023
5 .
Monoxde [T Bty 312 6.917850x10° 4213 959.394 1694123  2.768x 102 1398x10°%
6  CH, Methane
07 o Moleculal 4 5 4 5
2 Oxygen i . AFGL — Line v jem? v fem Smin fem™[(moleccem™) 5 Jem™/(molec-cm™)
i Code count  min max P o
[E: S o] Nitric Oxii
Hs 50 Pw—— 1 32560, 626  0.945678 72460 0.017 4092.948  3.101x 1070 4.851% 1020
= o ulfur Dic
= 2 345180, 646 0.041950 22661 0.103 2500.400 4,191 % 10730 2,100 % 10721
O no,  Nitoen
Dioxide
HF Select all
(| i R g o E
L Smre D E N AFGL L _ Line e i | S S nin fom 1j(molecem™?) S pax fem 1/(molec:em™)
[J12  HNO, Nitric Acit y Code count  min max o P
D1z on Hydroxyl 1 HYSF 19 0.999844 8030 24.129 32351582 1.009x 10 1.460% 1077
Radical
2 p%F 29 1.557410x 10 11920 13.620 20829.169  1.018x10°° 8.601x10%2
Hydroger
[£114 HF .
Fluoride
Hydrogen
[O15 Hal X
Chloride
Hydrogen
[116 HBr .
Bromide
Hydrogen
iz H
lodide
Chlorine
18 clo .
Monoxide
Carbonyl
19 ocs
Sulfide

O  H,c0 Formalde C. HI”, et O'., JQSRT
D21 Hoal :cyi';ocma 177, 4 (2016).



Accessing HITRANonline

Credit: |. Gordon

HITRANo; HITRANonline A~ A\ it
Home L _ Data Access

Line-by-Line Search  Line-by-Line Search £$ 08
2. Select Isotopologues 3. Select Wavenumber | Wavelength Range

Selectisotopologues forthe i Select wavenumber range below (leave blank to select all lines for the selected isotopologues) then:

Select one isotopologue only

Vimin: 2500 cm?
CH, [Select all Vmac2600 |emt (leave blank for no upper limit)
ID Formula ek Al Selected isotopologues are:
Code
CH,
11 *2cH 211 0.9
£ ) 1D Formula AFGL Code Abundance \rmin,fcm'1 \l'.m“,ﬂ:m':l
[£J2 *3cH 311 0.0
° 1|, 211 0.9883 0.001 11501.872
O3 2cH,D 212 6.1
B 2 YcH, 311 0.0111 0.032 11318.537
Ca *3cH,D 312 69
S0,
S0, [Select all D Formula AFGLCode Abundance v, fem™ v, _ jem™
ID  Formula ‘::g'e' Ab 1 2%, 626 0.9457 0.017 4092.948

k1 32580, 626 0.9 HF

2 395180, 646 0.0¢ ID Formula AFGL Code  Abundance v, ; fem? v__ fem?

‘min ‘max
1 HY¥F 19 0.9998 24.129 32351.592
HF Select all
AFGL
ID  Formula Code Al
41 H®F 19 0.9¢
[J2 D¥F 29 18

C. Hill, et al., JQSRT
177, 4 (2016).



Accessing HITRANonline

Credit: |. Gordon

HITRANo; HITRANonline X Loggetin s ot e g
ome © MWome  DataAccess  Doumentation  Conferences  Limks  About

Line-by-Line Search  Line-by-Line Search 40 a

3. Select Wavenumber | 4, Select or Create Output Format

Selectwavenumberrange bel  Select an output format or create a new one, then _

i 4. Select output options > E

Available Output Formats Output Format Description
Vi 2500 cm
. o 160 ch;
Vmax-12600 cm .par (160 chars) [~ ] Pk ]
Selected isotopologues are: The 160-byte fixed-width format used since HITRAN 2004 - see Table 1in Rothman et al., JOSRT 96, 139
’ Planetary_Fxiras [E@ iR} (2005}
CH,
Field separator: [no separator], Line endings: Windows [CR LF)
1 ForiD b [ Create New Qutput Format[] ] This output format has variable-width fields and no header line.
1 2cH, 2
2 13CH " 3 €| Fortran
Parameter Units Format  Err Ref
50, © Molecule ID 12
D Formula AFGL © Isotopologue ID 11
1 3sieq, a [ % omt F12.6 v
o s cmY/(molec-cm?) E10.3  « v
HF [i I st E10.3
ID Formula AFGL o, - F5.4 v v
‘air 2.2
19
. FeE . i I cmtatm™? F5.3 v v
o E cm™ Fl0.4
0 ny F4.2 v v
[ 1 B cmtatm™? F8.6 v v
© Global upper quanta RlS
© Global lower quanta Al5
© Local upper quanta R1S
© Local lower quanta AlS
© Eror indices 6I1
© References 612
O Line mixing flag Al
i J4 F7.1
(i B8 F7.1

C. Hill, et al., JQSRT
177, 4 (2016).



Accessing HITRANonline

Credit: |. Gordon

HITRANo! HITRANonline  ~__ /' weewwsmeion

Line-by-Line Search  Line-by-Line Search H$0 &

4, Select or Create Outp ~ New Output Format

Select an output format orcre  Edit this output format by clicking on the @ and % icons (or double-clicking the parameter rows). Reorder them by dragging rows within the

selected parameters table.

Available Output Formats

.par (160 chars) D ¢

Planetary_Fxtras & ¢ Output Format Name:

Example for a selection of additional parameters of
relevance to planetary atmospheres. This example

Description: includes H2, He and COZ broadening (and shifts), as
I Create New Qutput Format well as altermative lineshape parameters for
Hartmann-Tran profiles.
Field separator: [tab] v Fixed width format €@
Line endings: [10utput header line
["IHDF5 output
New Qutput Format Available Parameters
€| Fortran Parameter
Parameter Units Format Err Ref ©@ Global isctopologuc ID A
%@ Molecule ID Iz o0 4
%@ Isotopologue ID al 00 i,
ar
X0 v cm? F12.6 (o] (o] %0
self
%0 5 cmt/{molec-cm?) E10.3 [o) (o] o6 .
a— it
EX i cmtatm™? F6.4 le) [e] 0o s
— air
X ny, F7.4 [e] (] o0 E
%O &y, cmtatm™ F9.6 le) le) °0 »
X0 iy cmtatm™? F6.4 (o] o] ce g
%O oy, cm™-atm™ F9.6 o [e] o iy .
%0 yco; By £5:0 o = Grouped Parameters
%O ncoy E7.4 o O Parameter Group
%O dyur g 4(296) cmt-atm™ F9.6 o] (o] HT Profile Parameters ©
X Syr g ad296) emt-atm KT FS.6 (o] (o]
XO 7 o (296) cmtatm™? F6.4 (e} (o)
%O myr g {296) F7.4 o o
XO dyr 5 . 4296) cm*-atm™ F9.6 [e} [e]
2O 7 5 44296) cmtatm?t F6.4 (o] (o]
i ] KHT self E7.4 (o] (o]
O vy e cmatm™ F7.4 o (e} .
- C. Hill, et al., JQSRT
%O gy e E7.4 o] (o]

177, 4 (2016).



Accessing HITRANonline

Credit: |. Gordon

LIITPAR - o7 o

Logged in as Robert Hargreaves | Logout

[ vf%a’ Lo, in as Robert Hargreaves | Logout c.-es - Llnks About
HITRANonline AL A, o | _
| Home  DataAccess wos

LIHE-by-LIne Search ¢ @ ‘ neter rows). Reorder them by dragging rows within the
Search Results

ancel

8498 transitions written in 0.80 secs (query time: 0.05 secs).

& Downloads
4 output files were generated using the output format Planetary_Extras.

& 5b3as57d.bib.html  [15.3KB]  viewin browser  List of sources {html format)
& 5h3a657d.bib [8.9KB]  viewinbrowser List of sources (BibTeX format)
& 5b3a657d.out [1.7MB]  wviewinbrowser OQutput transitions data

& readme-5444 b [6.5KB] view in browser  Explanation of output format

Transition intensities

1.000e-21 Q Available Parameters
] ® 32 (12C)H4 Parameter
] ® 33 (13C)H4 © Global isotopologue ID
] . e 42 (S)jE0R = o 4
800022 © 51.H(19F) [ 0 .
L JSARTS
0 .
0 s,
o E
[i B
0 ¢
B O‘EI.’

Grouped Parameters
Parameter Group

HT Profile Parameters

Note that the search will only appear as an interactive table on this page if there are 1,000 transitions or fewer matching your query.
Spectrum images are only produced for queries yielding 100,000 transitions or fewer.

C. Hill, et al., JQSRT
177, 4 (2016).
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Accessing HITRAN with HAPI

O HAPI (the HITRAN Application Programming Interface) [1]

O A free open source Python module (library) which provides a set of tools for working with
structured spectroscopic data from different sources.

~ Import HAPI library

— M AFPT _u'__:_': ’ golnLoagaling rie godtd

'Fr‘om hapl import * <

& oata F LSOTOOOLOOLE

fetchl[ ch4’,6,1,2588, 25&9} 6 EGSY command to
o w \

celect(-cha-, DestinationTableNanee: chd scrong’, Conditionee( >\ ou', 1e-21)) download data

selectl[ ch4 DestlnatlonTableMame ch4 stru:ung Condltlons (">, 5w

¥ Fetch the CH e Zaeg-L08E Wavenumoper range

# LaLCuLate aoDsortplilion CoErri Nt

nu_coeff= abscoef(’ ch4_str"u:u.n.g' )

¥ NEpEdT LNe jFerchning jor otne cLecLes and 1sotopologues 1n previous example

fetch('cha’,6,2,2508,2600)

fetch('sc2",9,1,2508,2608)

fetch('hf',14,2,2500,2600) Embedded h@'p
# Print a List of unique IDs // (and tutorials)

# Pr o7 WALJUE Ll5

getHElp[ISﬂ ) <

# Fetch the CH4 data for the two strongest isotopologues the 2588-268¢
fetch by ;Lds( ch4 [35-33j, 25% Eﬁéﬁ-é-"F‘ar‘amEterﬁrc-rups =["' 1EE-char‘ ] Parameters|[ MCmy more OpTlonS TO
‘gamma_H2', ‘'delta_H2', 'gamma_He', 'delta_H2', 'gamma_C02', 'delta CO02', ... ]) . ape
include additional

parameters, filtering etc.

www.hitran.org/hapi/ »

[1] R. V. Kochanov, et al. (2016), JQSRT 177, 15.



Broadening, temperature dependence &

pressure shifts in planetary atmospheres

Jupiter: H,, He, CH,, C,H,, C,H,, C,H,, H,0, C,H,, C;H,, HD, C;H,,
NH,, PH,, €O, GeH,, AsH,, CO,, ...

Saturn: H,, He, CH,, C,H,, C,H,, C;H,, CHa, H,S, H,0, C;H,, NH,,
SiH4, PH, , €O, GeH,, AsH,, CO,

Uranus: H,, He, CH,, C;H,, C,H,, C,H,, G H,, CO, H,S, ...

Neptune: H,, He, CH,, C,H,, C,H,, C;H,, CH,, C.H,, ...

Venus: CO, , N,, SO,, H,50,, €O, O, N,, O, HCl, HF, Ne, H,S, OCS,
H, H,, He, H,0, 0,, Cl, CIO, ClO,, COCl, ...

Titan: N,, CH,, Ar, C,H,, C;Hg, H,0, €O, CO,, CH,D, CH,, C,H,,
NH,, HCN, C,N,, HC,N, CH,CN, C,H,, C,H,...

HD 189733b: H,, H,0, O, CH,, €O, ...

Credit: I. Gordon

HITRAN contains
self- and air-
broadening
parameters for
all line-by-line
molecules

Foreign
broadening
gas

Gas being
broadened



Broadening, temperature dependence &

pressure shifts in planetary atmospheres

O A consequence of dominant gases in planetary atmospheres
O PART 1: This work has recently expanded for H,, He and CO,

Molecule Parameter Perturbed by Perturbed by Perturbed by y = BrOOdening coefficient (Loren’rz)
Hs He CO,y
n = Temperature dependence: n
SO, ¥ 2 2 1 Tref
; 1 i 0 y(M)=yrTy)| —
5 0 0 0
NH, , 3 3 -3 0 = Pressure shifts
n 2-3 1 0
8 2-3 2-3 2
HF ¥ 1 1 1-2
n 0 1 0
) 0 1 1
HCl v 1 1-2 1-2 0 = No data available
n 1 0 0
B 1 1-2 1-2 1 = Few data available
0Cs Y é (1) (1)-2 2 = Some measurements available
n . . o o .
5 0 0 0 allowing semi-empirical extrapolations
T 3 3 : 3 = Relatively complete set of .
I 1 1 0 measurements and/or calculations
s 1 1-2 0-1 available at least at room temperature

[1] J. S. Wilzewski, et al. (2016), JQSRT 168, 193.



Broadening calculations with HAPI

O Example of modelling the C,H, vs band absorption in a He+H, atmosphere

alphas = [@.1, 8.3, 8.5, 8.7, 2.9]
leg = []
for alpha in alphas:
He_frac = alpha; H2_frac = 1l-alpha
nu,coef = absorptionCoefficient_Veigt(SourceTables="c2zh2 v5', WavenumberRange=[727.,735.],
Diluent={'He':He_frac, 'H2':H2_frac},HITRAN units=False)

UOPIOD *| 4IPSID

plot{nu,coef)

leg.append( '$He%: . 1FHX; SH 2%: ¥, 1T¥X'¥(He frac*lee,H2 frac*lea))
title('Absorption simulation of $v_5% band of $C_2H 2%: variable atmospheric composition')
xlabel( 'Wavenumber / $cm™{-1}%'}; ylabel('Absorption coefficient / $ecm~{-1}%")
x1im(728,734); grid(True); legend(leg)

100 Absorption simulation of ».-band of ¢, ,: variable atmospheric composition

—  He: 10.0%; H,: 90.0%
—  He: 30.0%; 4,: 70.0% | |
—  He: 50.0%; H,: 50.0%
2 70.0%; H,:
- 90.0%; H,:

250

5]
(=)
=]
T
I

Absorption coefficient )/ om *
= I
=) =)
T T
1 1

1
728 729 730 731 732 733 7134
Wavenumber [ cm !

See: “H,, He, and CO, line-broadening coefficients, pressure shifts and temperature-dependence exponents for the
HITRAN database. Part 1: SO,, NH5, HF, HCI, OCS and C,H,"
J. S. Wilzewski, et al. (2016), JQSRT 168, 193.



Broadening, temperature dependence &

pressure shifts in planetary atmospheres

Credit: S. Samuels

O PART 2: This work has recently expanded for H,, He and CO,

O Includes line broadening coefficients (y), temperature dependence exponents (n) and
pressure shifts (o)

O CO, N,0, OH, H,CO, HCN, H,S$
HCN broadened by H, (selected points)

015
Molecule Parameter Perturbed by H, Perturbed by He  Perturbed by CO, y = -8E-08x® - 2E-05x? - 0.0008x + 0.1365 ° 22; g "
HCN v 3 2 0 o ; % * Ref3B
+ B Ref3C
n 1 1 0 o1 {%il%; ;
5 1 1 0 § i ; T i % %
12
co, Y 1 1 3 %U 1 % § % T
n 1 1 3 F'Ecm I i T +
= t
o) 0 1 3 o~ 1 I i ;
To.1
N,0 v 0 Tor2 Tor2 - L
n 0 1 1 000 I
9] 0 1o0r2 0 !
0.08
0 5 10 15 20 25 30 35
H,cO y 2 2 0
z [m|
n 0 0 0
4] 1 0 0
0 = no data available
H,S y 1 2 2 1 = few data available
2 = some measurements available allowing semi-empirical
n 0 0 0 extrapolations
5 0 0 0 3 = relatively complete set of measurements and/or

calculations available at least at room temperature

O “H,, He and CO, Line-Broadening Coefficients for Molecules in the HITRAN Database.
Part Il: CO,, N,O, H,CO, HCN, H,S, OH"

S.Samuels, Y. Tan, R. V. Kochanowv, L. S. Rothman, I. E., Gordon, in preparation



What about water?

Credit: Y. Tan

O Water vaporis a very efficient broadening gas

O Comparedto N, and O,
O For the Earth’s lower atmosphere water vapor is highly variable

O Some rocky exoplanets have been predicted to have “steamy” atmospheres

Simulated effect of water broadening of CO, and CH,

- simulated CO2 cross-sections of R(10) v3 band at 296K, latm o Onoog%muiated CH4 cross-sections of transition at 6250.69430cm™-1, 296K, 1latm
T T T 1 . T T T T T T I
— CO2_air — CH4_air
0.000035 | .
., 0o — COo2self |1 _ — CH4 _self
— —
£ — (C02 H20 £ 0.000030} — (CH4 H20\
S 250 - {1 s -
- -
[ $ 0.000025}
E 200 ng
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What about water?

Credit: Y. Tan

O H,0O broadening coefficients of CO,, O,, CH,, CO, NH;, N,O and H,S
O Example for CO,:

Polynomial function in the quantum index m:

y(m)=cy+c; - m+c, - m?+c3-md+c,-m*+cg-md
0.19 T T T T T T T T T T T T T
E ®  Y,0(323K) from [Delahaye et al.2016] . Molecule\ Parameter Y n
0.18 |- ® 7,.,,(367K) from [Delahaye et al.2016] = COZ 3 3
i A v, Vv3band from [Sung et al.2009] i
017 L ¥ Yo V2+v3-v3 band from [Sung et al.2009] B 0, 3 2
’ I ® Y., “CO, V3 band from [Sung et al.2009] | CH, 1 0
= Polynomial Function from [Sung et al.2009] co 2 2
—~ 0.186 |- | ——Polynomial fit of scaled experimental data ¥,,,,(296K) -
; = ! ' ] NH, 1 0
= I
< 0.156 - — N,O 1 0
5 - ‘ H,S 1 0
~= 0.14 - -
\§ I i il Data Availability in Table:
< > 0=No data available;
0.13 |- 7 » 1=Few data available,
- . new HITRAN file contains mostly averages;
0.12 |- = » 2= Some measurements available, allowing semi-
I i classical extrapolations;
» 3= Relatively complete set of measurements or
0.11 L— L1l calculations available - at least for room
0 10 20 30 40 50 60 70 temperature.
|m]

Y. Tan, . E., Gordon, R. V. Kochanov, L. S. Rothman, in preparation



Current HITEMP

O High-Temperature Molecular Spectroscopic Database

O L.S. Rothman, |I.E. Gordon, R.J. Barber, H. Dothe, R.R. Gamache, A. Goldman, V.

Perevalov, S.A. Tashkun, and J. Tennyson, J. Quant. Spectrosc. Rad. Transf. 111, 2139-
2150 (2010)

HITRANonline  ~__ .

HITEMP

EMP is described in the article "HITEMP, the high-temperature molecular

010)[1]. This replaces the earlier edition [2], "HITRAN, HAWKS and HITEMP
r Database" (1995).

Th atabase has been placed on the ETP server.
Lot HITEMP nonymous and your email address as the password.
To irectly by from the command line:

ftp rd.edu

user = aAnoOnNymous
password = e-mail address
cd /pub/HITEMP-2010

In the directory /pub/HITEMP-2010 you will find five folders:

Number of Total numberSpectral Coverage

www.hitran.org/hitemp/ »



Current HITEMP

O Line-by-line data is at 296 K like HITRAN
O Currently only five molecules:

Spectral Coverage Number of Number of
Molecule r s
(cm-) Isotopologues Transitions
H,O 0 - 30,000 6* 111,241,164
CO, 5-12,785 7 11,193,608
NO 0-9.274 S 115,610
CO 0-8,465 6 113,631
OH 0-19,268 Sk

*only principal isotopologue

O HITRAN2016 data for HF, HCI, HBr, HI and H,,
O Also suitable for 1000's of Kelvin
O TIPS up to 2000 K for some molecules

O Line parameters in HITEMP will be consistent with HITRAN
O Where possible

www.hitran.org/hitemp/ »




Proposed data for HITEMP

Tomsk

N,O
NO,

TheoReTs HITRAN2016

HITEMP & HITEMP2010

CH CO, HF, HC,
\ 2019 HBr, HI, H,




OBS-CALC
(em? molecule™?)

OBS-CALC
(cm? molecule1)

Absorption coefficient (cm? molecule™1)

2.5

0.0

10

0.5 1

0.0

—0.51

-1.0

10

0.5 1

0.0
-0.5

-1.0

Journal of Quantitative Spectroscopy & Radiative Transfer 177 (2016) 43-48

Contents lists available at ScienceDirect

Journal of Quantitative Spectroscopy & ‘ i
sl Radiative Transfer =
ELSEVIER journal homepage: www.elsevier.com/locate/jgsrt ‘
O AVG ! lO ble Nos D i 1 000 from LTS NOSD-1000, the high-temperature nitrous oxide @Cmsm

Tomsk group:

spectroscopic databank

S.A. Tashkun**, V.I. Perevalov *, N.N. Lavrentieva "

* Laboratory of Theoretical Spectroscopy, V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, 1,
Academician Zuev Square, 634021 Tomsk, Russia
® Laboratory of Molecular Spectroscopy, V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, 1,
Academician Zuev Square, 634021 Tomsk, Russia

N,O comparisons to PNNL at 296K (1000-0110)

le—21

2.0 1

1.5

1.0+

0.5

296 K

- PNNL
- HITRAN2016
- NOSD

T T
720 740
Wavenumber {(cm—1)

le—21
A
"WWMW&WM#MW&‘ o - b ey p et A A g AP et bt '- v S|
—— PNNL-HIT
T T T T T
le-21
4 an T ——
| W R
T T T T
640 660 680 700 760

O Nofticeable
differences

O PNNL
O HITRAN2016

O Band intensity
was corrected




N,O for HITEMP

N>O at 296K (1000-0110)

- HITRAN2016
296 K NoSD

O Recalculated by S. A. Tashkun
O @296K
O @ 500K
O @ 1000 K

Intensity
(ecm? molecule™)

N,O at 1000K (1000-0110)

O Updated line list for HITEMP
O >1.0x102%cm molecule! . oS UPPATED
O At all temperatures

O HITRAN replacements




N,O overview for HITEMP

Ll

23 .
23 O 3,499,523 transitions
€ E
§ O 32,113 replaced from HITRAN2016 (0.9 %)
O Remain consistent -
3_ O All parameters replaced
Eé O Except vibration/rotation notation
E
= O Remains consistent
2500 3000 .
107 O Valid for temperatures up 101000 K ]
£t % 5
?OIOO 15:00
i NOSD intensities @ 1000 K
E’ W@!erwﬂf v =Y

9500 10000 10500
Wavenumber (cm™!)



O High temperature
comparison

O M. P. Esplin et al.
Mikrochim. Acta 2,
403 (1988)

O Calculated using HAPI

Transmitlance

Transmitlance

Transmitlance

N-O at 800K against Esplin et al. (1988)

Total P 4.0 Tom, Samgle P: 4.0 Tom, ¥ am0.0%, yseif:100.0%, Path length-300.0 <m, Convelved at 0,03 cm L Michelsan

Waverumber {zm )

—— NOSD at 830K corvalved
-0.2

Waverumber{zm 1)

HITHAN at 200K coralyed

TO O | S _Ul%l?ﬂn 1224 1240 12840 1280 1300 azo 13440 1360
Waverumber {zm=1)
O R.V.Kochanov et al. JQSRT
177,15 (2016)
Total P: 4.0 Torr, Sample P: 4.0 Torr, y air:0.0%, y self:100.0%, Path length:300.0 cm, Convolved at 0.03 cm™! Michelson
04 &8 A - [\ W s T A = a n Ll A p
g 1.0 \ i 'fr \ r".."" “l SN A | W iy vq "\ AL A )/ |l'|I| fi’.'". llﬂ [ v |V EX NOSD
8 E | It ! I BT i | (1Y / ‘ AR 1] | !
PRI A Y T "N SNy A WAl L Y \[¥( @800 K
a i d ’ y $ |l I~ | W
0.0 : —— NOSD at BOOK convolved
1310.0 l31|0.5 l31|1.0 l31|1.5 l31|2‘0 1312.5
- | . o [\ ) ) A 4 a
g M AT 1 r‘\l___[" A R ‘l ifid iy v 'L } L IM.f*\ is M "1 i HITRAN
© ] 1 \ ‘ | 1
W |/ - YT Y B 1 TV @800 K
2 t I ' |
s i ] Ayl iH U
F 0.0 " i ‘ —— HITRAN at 800K convolved

1310.0

T
1311.0

T T
1311.5 1312.0 1312.5



Summary

O HITRAN freely available online
O Line-by-line data and cross sections available (among other information)

O HAPI Python libraries to download
O Easy to work with HITRAN data

O Broadening, temperature dependence and shifts parameters are being
updated for foreign broadeners relevant to planets/exoplanets

O Numerous molecules

O Work towards the next HITEMP update underway!
O Expected... 2019

O Some molecules easier to validate than others
O More high temperature measurements needed for validation
O Data will be relevant for hot exoplanets

O Further molecules will be added in secondary update

wwwhitanorg ) ) 4
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