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Context: traditional use of 0.76µm band

Column-averaged mole fraction XCO2 𝑋𝐶𝑂2 =
𝐶𝑂2

𝑐𝑜𝑙

𝑂2
𝑐𝑜𝑙 0.2095⁄

 

But drawbacks: 
- Largely saturated
- Fairly far from the 1.6 µm 
band of CO2

1.27µm: O2 a-band 
(a1Δg(v=0) X 3Σg

−(v=0))

Advantages: weaker & closer to 1.6 
µm

But: intense dayglow emission 
Now well modelled by Sun et al. in 
GRL (2018)  

0.76µm: O2 A-band 
(b1Σg

+ (v=0) X 3Σg
−(v=0)) 

Well-established : used in 
SCIAMACHY, OCO-2, 
TCCON, MicroCarb

MicroCarb is a test mission: both 
bands will be used and compared



The CRDS technique



CRDS set-up

Labs_eq ~ 16.5 km
High sensitivity αmin~ 5×10-11 cm-1

Temperature range:
243 to 333 K
ΔTmax< 0.1 K



Comb coherence transfer approach

Advantages:
- Efficient injection of the HF 

cavity (2 kHz)
- Tuning agility

Direct coherence transfer of the comb tooth 
(low phase noise laser)
- RF locked comb (30 to 50 kHz)

𝝂𝒔𝒃_𝒄𝒐𝒓𝒓 = 𝝂𝒄𝒂𝒓𝒓𝒊𝒆𝒓 − 𝒇𝒔𝒚𝒏𝒕𝒉



The 1.27 µm O2-band

Measured 55 transitions depicted in red
Dry air with 1% of Argon
Temperature depency: 3 temperatures (250, 275, 333 K)
At each Temperature: 5 pressures (50, 100, 250, 500, 750 Torr)



P(9)P(9) transition @ 253 K

MATS fitting program from
NIST

Profile: qSDNG (+ LM)

Globally fitted param.:
ν0, γair, δair, aw, as, β, ζ

Param. fitted for each 
spectrum:
S + base line

Std. Dev.: 1.11x10-10

to 7.69x10-11 cm-1

QF: 7062 – 13712
-> High S/N ratio

Example for fitting of the measured data



List of line shape parameters

• Line-shape parameters and their temperature dependence 
determined for 55 transitions from high S/N CRDS spectra 
with reduced uncertainties



Example of temp. dep for the O15P14 
transition for air-broadening coefficient γair

γair(T)=γair(296 K)(296/T) n_γair



HITRAN2020 values of γ0air = γair(296 K)

N’ is the total orbital angular 
momentum of the upper state

Almost no branch dependence

γair(T)=γair(296 K)(296/T) n_γair



Comparison of γ0air to Fleurbaey2021, 
Tran2020 and HITRAN2020

γ0air_Fleurbaey2021/ γ0air_TW

=1.0009±0.0033 (Ntrans=53)

γ0air_Tran2020/ γ0air_TW

=1.0017±0.0045 (Ntrans =45)

=> Mutual validation of the 
datasets with Fleurbaey2021 
and Tran2020 at the 3 to 4‰
level (=>N’=27)

γair(T)=γair(296 K)(296/T) n_γair



Comparison of nγair of this work to 
HITRAN2020 and CMDS

Large discrepancy
compaired to 
HITRAN and 
CMDS

γair(T)=γair(296 K)(296/T) n_γair

Classic molecular
dynamic simulations
(CMDS) done by Ha 
Tran and published 
in Tran2019



Example of temp. dep for the O(15)P(14) 
transition for air-pressure shift coefficient δair

O(15)P(14)

𝑎𝑖𝑟



HITRAN2020 values of δ0air = δ(296 K)

A clear branch dependence is observed



Comparison of δ0air to Fleurbaey2021, 
Tran2020 and HITRAN2020

δ0air_ Tran2020– δ0air_TW = -2.0±11.1×10-5 cm-1 atm-1

δ0air_ Fleurbaey2021– δ0air_TW = 0.5±8.1×10-5 cm-1 atm-1

Consistency of the three datasets
at the 1×10-4 cm -1atm-1 level



Temp. dep. coefficient of air-pressure shift 
of our measurements δ '



Summary and perspectives

• Results show good agreement with literature and high 
quality of the data(i.e. 3‰ unc. on γ0air)

• First time measured and reported values for 
temperature dependency of the line shape parameters

• HITRAN 2024 contribution:
• Line shape parameters for reference 

Temperature at 296 K (together with 
Fleurbaey2021)

• Temp. dep.
• nγair and δ’
• β, aw and as
• nβ, nδ2air, nγ2air
• Line-mixing parameter
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