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Important elements:

> Frequency stabilized cavity ringdown spectrometer (FS-CRDS)

> Ultrahigh finesse of 637 000

> Utilization of frequency-agile, rapid scanning spectroscopy (FARS) technique
> Very sophisticated line-shape speed-dependent billiard-ball profile (SDBBP)
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In FARS technique an electo-optic modulator is used to rapidly tune the
frequency of the laser (sideband) over
successive modes of the optical cavity.
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SRR |
requency
G.-W. Truong et al. v+ scanning
Nat. Photonics 7, i l . P
532-534 (2013) Vc+5-+vf:§:
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In FARS technique an electo-optic modulator is used to rapidly tune the
frequency of the laser (sideband) over
successive modes of the optical cavity.

"4 N

Reduces the time related to Red_uces the c_ommon
experimental noise of the

laser tuning and relocking spectrum background
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Line-shape model

Collisional effects ﬁ Perturbation of molecular
resonances

R. R o(R)| wg
ofRy)

Wolfgang Demtréoder, Laser Spectroscopy, 2008
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Line-shape model

Very pronounced

Hz H D DZ and untypical

collisional effects

Importance of beyond
Voigt effects

P. Wcisto et al. J. Chem. Phys. 141, 074301 (2014)

P. Wcisto et al. Phys. Rev. A 91, 052505 (2015)

M. Stowinski et al. Phys. Rev. A 101, 052705 (2020)

M. Stowinski et al. JQSRT 277, 107951 (2022)

More about it on my other talk - Accurate experimental validation of ab

initio quantum scattering calculations using the spectra of He-
perturbed H,.
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Line-shape model

Very pronounced

Hz H D DZ and untypical

collisional effects

Importance of beyond Datasets of beyond
Voigt effects Voigt line-shape parameters

P. Wcisto et al. J. Chem. Phys. 141, 074301 (2014)
P. Wcisto et al. Phys. Rev. A 91, 052505 (2015) P. Wcisto et al. JQSRT, 260, 107477 (2021)
M. Stowinski et al. Phys. Rev. A 101, 052705 (2020) K. Stankiewicz et al. JQSRT 276, 107911 (2015)
M. Stowinski et al. JQSRT 277, 107951 (2022) More about it on my other talk — Investigation of collisional effects in
More about it on my other talk - Accurate experimental validation of ab molecular spectra — comprehensive dataset of line-shape parameters
initio quantum scattering calculations using the spectra of He- from ab initio calculations for He-perturbed HD.

perturbed H,.
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H.| [HD

D:

Very pronounced
and untypical
collisional effects

Importance of beyond
Voigt effects

P. Wcisto et al. J. Chem. Phys. 141, 074301 (2014)
P. Wcisto et al. Phys. Rev. A 91, 052505 (2015)

M. Stowinski et al. Phys. Rev. A 101, 052705 (2020)
M. Stowinski et al. JQSRT 277, 107951 (2022)

More about it on my other talk - Accurate experimental validation of ab
initio quantum scattering calculations using the spectra of He-
perturbed H,.

Model used in this work:

6 line shape parameters:
pressure broadening
and shift, their speed-

dependence and Dicke
parameter

Billiard ball
collision model

Datasets of beyond
Voigt line-shape parameters

P. Wcisto et al. JQSRT, 260, 107477 (2021)
K. Stankiewicz et al. JQSRT 276, 107911 (2015)
More about it on my other talk — Investigation of collisional effects in

molecular spectra — comprehensive dataset of line-shape parameters
from ab initio calculations for He-perturbed HD.

Line-shape coefficients
and the Doppler
broadening fixed in
experimental spectra
according to ab initio
calculations
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Uncertaintity

Table 1. Standard Uncertainty Budget to

® | ' : -
300 { } } : Experimental Determination of the Frequency of the
L s
R : i , S(2) 2-0 Transition in D,°
5 0 I * 1 This work
= s00 u(vo) (kHz) u(vo) (kHz)
k= Previous experimental valug, Ref. [11) Uncertainty Contribution 1t020 Torr 1 to40 Torr
o —1000
= 1. Line shape profile 111 222
E 1500 Theoretical value, Ref. [2] 2. SfﬁtiSfiCS, lo 96 40
v 3. Instrumental systematic shift [18] 47 47
4. Etalons 46 21
§ 0ol © 5.Temp‘el.‘at‘ureinstability 5 5
< 6. Relativistic asymmetry [27] 3 3
z 7. Laser source stability <1 <1
= 200 B .
= : - 8. Pressure gauge nonlinearity 1 1
5] S Aug
2 10 p— St l—— S S S | Standard combined uncertainty 161 231
— 0—
0 > 10 L > 20 B 25_ % ) » 40 ‘Middle and right column show uncertainties estimated for the fitted
Upper limit of the pressure range (Torr) )
datasets of 1-20 Torr and 1-40 Torr, respectively.
Absolute accuracy - 161 kHz Relative accuracy ~ 10°

Vsi2)2-0= 187,104,300.40(17) MHz
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Summary
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* We performed the best —

measurement of the 2-0 Ulrahigh finesse cavity-enhanced spectroscopy
S(2) line position in D for accurate tests of quantum electrodynamics
for molecules
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