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We have succeeded in observing very narrow saturation resonances (hwhm = 2.1 kHz) of room temperature CO, by monitoring directly the absorption of a CO, laser beam in an external absorption cell. Through successive recordings of the CO, lines and 0~0, lines of known absolute frequency, we have been able to perform a preliminary determination of the frequencies of three CO, lines (respectively P(12). P(14) and R(10) of the 10.4 pm band) with an accuracy of the order of one kilohertz. A good agreement is found with previous measurements based on the saturated 4.3 pm fluorescence method. The main interest of this new method is to provide values for the frequencies in the free-flight regime.



1. Introduction Ever since the discovery of the Lamb dip in CO, lasers [I ,2] it has been a long-term unsatisfied dream to obtain directly narrow saturated absorption peaks in pure room-temperature CO, at low pressure. Because of the weakness of such signals, only indirect techniques such as the saturated fluorescence [6-lo] or the inverted Lamb dip technique with a hot CO, cell inside the laser resonator [3-S] could be used. None of these methods has ever been able to yield a linewidth below -100 kHz, essentially because of their intrinsic requirement for a high pressure and a high laser power. In these conditions, the baseline tilts and the numerous other known and unknown sources of asymmetry and shift may give rise to systematic errors which appear to be very difficult to reduce below the 3-5 kHz level. This is the reason why, for high accuracy spectroscopic needs, our group has developed an alternate grid of frequency markers, based on the narrow 0~0, saturation resonances, which covers the spectral region 940-980 cm-l [9 ,I 1] and among which two lines have now a remarkable accuracy of their measured absolute frequency: respectively 1 kHz and 50 Hz for the 0s04 markers corresponding to CO, P(14) [13] and to CO, R(lO) [14]. In the course of this 1980 set of measurements, we also demonstrated 0 030-4018/86/$03.50 0 Elsevier Science Publishers B.V. (North-Holland Physics Publishing Division)



a -20 kHz systematic shift of the CO, absolute frequency values in the P branch through a comparison of 0~0, with CO, saturated fluorescence peaks in an external cell. This shift was confirmed by direct frequency connections between the P and R branches and, corrected for, in recent CO, tables [ 121 . It appeared to us in 1984 that the computerized long-term frequency control techniques developed for our spectrometer offered the possibility to use long integration time combined with a long optical path length (108 m) of high wavefront quality and therefore a new chance to observe the CO, resonances directly at very low pressure (0.7 to 1.5 X 10e2 Pa) and power (a few hundred pW) and hence with a very narrow linewidth (2 to 3 kHz hwhm) [ 15 ,161. The only major difficulty left then was to keep track of the long term drifts of the reference laser and we shall see below how this problem has been solved.



2. Presentation of our measurement experimental conditions



method and



All the measurements reported in this paper have been performed with the 10 pm Villetaneuse saturation spectrometer which has been fully described elsewhere [17]. For these measurements we have used 333
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only two low pressure CO, lasers. The first one, which we usually call “reference laser”, is used here as a transfer laser and is locked, by the third harmonic method, to a saturated absorption peak obtained in auxiliary absorption cells (absorption length = 6 m, w = 1.4 cm). The nature of the molecule used here has no importance, as such, since the goal pursued is only to obtain the best long-term stability (i.e. during several hours) in addition to a good spectral purity (-10 Hz) for the reference laser. All that is needed, is the best possible signal-to-noise ratio for any saturation peak derivative in close coincidence with the CO, laser line that one wishes to study. The second laser is frequency-offset locked and, for this purpose, the beat note of the two lasers is phase-locked to the radiofrequency produced by a synthesizer (HP 3325A) and directly counted by a frequency counter (HP 5328A) with a relative accuracy of 2 X 10e8. The frequency tuning of the laser is then achieved by scanning digitally the synthesizer frequency with a microcomputer (HP 9826) which ensures a very linear correspondence between laser frequency and detection channel numbers. This second laser beam is expanded, spatially filtered and enters into a large absorption cell where it forms a three-fold standing wave of waist radius w = 4 cm and total optical path (back and forth) of 108 m. This measurement laser is frequency modulated at one kilohertz and the first derivative signals of saturation peaks are recorded by the microcomputer after synchronous detection through a lock-in amplifier. The principle of the method is then to record both the CO, laser line and the closest 0~0, line of known absolute frequency in order to determine their frequency interval. Unfortunately it was not possible to record the two lines quasi-simultaneously as could have been done with the absorption cell filled with a mixture of CO, and 0~0~ because experimental conditions were too different for the two gases (pressure, laser intensity, modulation index, integration time constant, ...). The cell was therefore filled successively with CO, and 0~0~ and it was thus essential to take into account the frequency drifts of the reference laser during the time of the experiment. To keep track of these drifts, the CO, and 0~0, lines were recorded 6 to 7 times, with, for each recording, the precise time of its end and its duration. For all our experiments it appeared that the drifts had essentially linear and quadratic components which have been calculated by lin334
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ear regression and, in this way, could be easily eliminated from the measurements of the CO, and 0~04 lines intervals. The causes of such a drift are not yet well identified. The only clear fact is that the drift is highly dependent upon the quality of the reference saturation peak, as could be guessed. Possible origins for this drift are: (1) time-dependent electronic offsets in the detection system of the reference line, owing, for example, to a room temperature variation during the day; (2) a slow change of the pressure in the absorption cell which would induce a variation of the background of the detected signal and hence of the locking point of the laser on the saturation peak; (3) a change in interference state of fringes coming from optical feedback in the laser. Fortunately, the detailed knowledge of these causes is of little importance in the present case as far as the reference laser frequency drift remains at a reasonable level (=G10 Hz/min) and can be compensated. The result is that the standard deviation of the measurement of the CO*-0~0, frequency difference is of the same order as that obtained in a measurement of the difference between two simultaneously recorded molecular lines (< 50 Hz). Examples of recordings of CO, and 0~04 saturated absorption lines are given in figs. 1,2 and 3, together with the time variation of the frequency drift of the reference laser in each experiment. The typical conditions which have been used in the experiments are the following: - for CO,, the pressure in the large cell was in the range of 0.7 to 1.5 X 10m2 Pa and the incident laser power was of the order of 500 pW; each recording lasted about 20 min (20 scans of 57 s with a 100 ms time constant over 500 frequency channels of 50 Hz each). - for 0~0,) the pressure was -3 X 10e3 Pa and the incident power -3 pW; the total recording time was limited to 100 to 200 s (5 to 10 scans lasting 20 s each, with an integration time constant reduced to 30 ms over the same frequency range). A fully quantitative discussion of the signal-to-noise ratio that can be reached with these conditions will be given in a near future paper.
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Fig. 2. (a) First derivative of the CO* lOP(14) saturated absorption line and calculated lorentzian fit (hwhm = 2.15 kHz). The reference laser was locked to the R(28) A8 line of SF6 and the time variation of its frequency drift is displayed in (b). The lg2 0~04 line to which this CO* line is compared, is a hot unidentified line whose absolute frequency has been reported in ref. [13].
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Fig. 1. (a) First derivative signal corresponding to the CO2 1OP(12) saturated absorption line and lorentzian derivative fit (hwhm = 3.08 kHz). The ‘g20s04 line to which this CO2 line is compared is the P(39) A:(u) line [ 151 for which a typical recording is displayed in (b) (hwhm = 1.60 kHz). This line exhibits a slight asymmetry and a non-lorentzian character owing to a rather large modulation index. The reference laser is locked to the R(66) A! + Fy + Fi + At trigonal superhyperfme cluster of the ~3 band of 32 SF6 and (c) gives the frequency drift of this reference laser (as a function of time) for each of the twelve successive line recordings.



3. Results and comparison with previous measurements Preliminary



The obvious reasons for this choice are: for P(l2) the existence of the two strong fundamental lines of the v3 band of 1920s04 [15] which are easily accessible with a conventional CO2 laser and for P(14) and R(lO) the existence of the unidentified 1920s04 lines whose absolute frequency has been previously measured directly. Typical recordings for each one of these three CO2 lines are shown respectively in figs. 1,2 and 3. The POsitions of the line centers have been obtained by using a non-linear regression program which fits the recorded lines with lorentzian derivatives and a tilted baseline. The results for the three measured frequency intervals between CO, and 0~0, lines are displayed below each of the curves which have been used for the reference frequency drift corrections. These values are not corrected for any other systematic effect (e.g. the secondorder Doppler shift, wave-front curvature shift ...) and before any detailed study of these systematic effects has been made, an uncertainty of the order of 200 Hz should be associated with these values. We postpone this detailed discussion of lineshape effects to our next paper. 335
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From these frequency intervals, from our grid of 0~0~ markers [l I] and from the two 0s04 absolute frequencies which have been measured [ 13,141 , new absolute frequencies can be assigned to the CO, lines. This new set of frequencies is compared to values reported in the past from saturated fluorescence measurements in table 1. The agreement is within the error bars and the small “blue” shift of our 1980 values can be reasonably explained as a pressure shift [ 181 corresponding to the typical 40 mTorr pressure used in the external CO, cell for the measurements of ref.
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Fig. 3. (a) First derivative signal and lorentzian fit (hwhm = 3.44 kHz) for the CO2 lOR(10) line and (b) corresponding time dependence of the reference laser frequency shift. The 0~04 line to which this CO2 line is connected is an unidentified line corresponding most probably to the isotope 192, located ~173697.5 kHz below the fundamental R(36) A: line of the vs band of rg2 OS04 and whose absolute frequency has been measured with a 50 Hz uncertainty [ 141. The reference laser is also locked to an unidentified 0~04 line.
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4. Conclusion and future work This paper is only a feasibility demonstration that one can obtain CO;! saturated absorption peaks in the free-flight regime since our 2 .l kHz half-width is essentially dominated by the time of flight across the beam and by modulation broadening. The pressure shift and baseline tilt problems, which limit the accuracy of the saturated fluorescence method at a few kilohertz level, are much less critical with this new approach. One should be able to transfer the 50 Hz absolute frequency accuracy of the 0~0, line measured in [ 141 to the R(10) CO, line. To achieve this goal a study of systematic effects which are relevant for such a comparison, involving different molecules, has been undertaken in collaboration with the LPTF (Laboratoire Primaire du Temps et des Frequences in Paris). The result which is already acquired from the present work is a high degree of confidence in the absolute frequency of our 0~04 and CO, reference markers at the kilohertz level. An interesting possibility, which is offered by the resolution that we have reached, is the study of hype&e structures of the isotopic species of CO, with nuclear spin, and which involve either electric quadrupole or magnetic dipole interactions. Finally we should mention another way of using saturated absorption in CO2 for metrological applications, which we have also demonstrated recently: we have locked directly the reference laser to CO, lines in our auxiliary cells (6 m length) at a much higher pressure (a few tenths of Pascal) giving rise to a much broader saturation resonance (-50 kHz). The time constant of the servo-loop had to be significantly increased (up to -1 ms). The resulting laser spectral width can be estimated through the corresponding broadening of an 0~0, resonance in the large cell for which the half-width was found to be 7 kHz (to be compared with the usual 10 Hz spectral width of the same reference laser locked to 0~0, [ 171). AS an example of a useful application of this device, the 15NH, ~2 as R(2 .O) hyperfine component of lowest frequency (F = 5 ++F = 4) [ 151 was measured in this way, through a direct beat frequency counting, at 52 790 kHz from the 10 R(42) CO, line. The absolute frequency of this ammonia line is therefore 29 638 932 980 f 15 kHz and can be used to calibrate the Fourier transform spectrum of this molecule.



1 July 1986



References [l] Ch.J. Bordt! and L. Henry, C.R. Acad. SC. Paris 265 B (1967) 1251.



[ 21 Ch.J. Borde and L. Henry, IEEE J. Quantum Electron. QE-4 (1968) 874.



[ 31 L.S. Vasilenko, V.P. Chebotayev and G.I. Shershnyova, Optika i Spectroskopia 29 (1970) 204. [4] L.S. VasiIenko, M.N. Skvortsov, V.P. Chebotayev, G.I. Shershnyova and A.V. Shishayev, Optika i Spectroskopia 32 (1972) 1123. [5 J L.S. Vasilenko, V.P. Kochanov and V.P. Chebotayev, Optics Comm. 20 (1977) 409. [6] C. Freed and A. Javan, Appl. Phys. Lett. 17 (1968) 4854. [7] C. Freed, D.L. Spears, R.G. O’Donnell and A.H.M. Ross, in: Laser spectroscopy, eds, R.G. Brewer and A. Mooradian (Plenum Press, 1973) 17 1. [8] F.R. Petersen, D.G. McDonald, J.D. Cupp and B.L. Danielson, in: Laser spectroscopy, eds. R.G. Brewer and A. Mooradian (Plenum Press, 1973) p. 555. [9] A. Clairon, A. van Lerberghe, Ch. Salomon, M. Ouhayoun and Ch.J. Borde, Optics Comm. 3.5 (1980) 368. [ 101 C. Freed, L.C. Bradley and R.G. O’Donnell, IEEE J. Quantum Electron QE-16 (1980) 1195. [ 111 A. Clairon, A. van Lerberghe, Ch. Breant, Ch. Salomon, G. Camy and Ch.J. Borde, J. de Phys. COB. 42 (1981) C8 127. [ 121 F.R. Petersen, E.C. Beaty and C.R. PoIlock, J. Mol. Spec. 102 (1983) 112. [13] YuS. Domnin, N.B. Rosheljaevsky, V.M. Tatarenkov, P.S. Shumjatsky, O.N. Kompanets, A.R. Kukudzhanov, VS. Letokhov and E.L. Michailov, JETP Letters 30 (1979) 249 [see also JETP Letters 30 (1979) 2531. [ 141 A. Clairon, B. Dahmani, A. FiIimon and J. Rutman, IEEE Trans. on Instrum. and Measur. IM-34 (1985) 265. 1151 Ch.J. Borde, J. Borde, Ch. Breant, Ch. Chardonnet, A. van Lerberghe and Ch. Salomon, in: Laser spectroscopy VII, eds. T.W. Hansch and Y.R. Shen (Springer Verlag, 1985) p. 108. [ 161 Ch. Chardonnet, A. van Lerberghe and Ch.J. Borde, Ninth Colloquium on High resolution molecular spectroscopy, Riccione, 1985. [ 171 Ch.J. BordB, Revue du Cethedec - Ondes et Signal , NS 83-1 (1983) 1. Copies of this issue can be obtained either from the author or from the editor: C.D.R. Centrale des Revues, 11 rue Gossin 92543 Montrouge Cedex, France. For a simplified schematic diagram of the spectrometer see ref. [Ill. [18] K.L. Soohoo, C. Freed, J.E. Thomas and H.A. Haus, Phys. Rev. Lett. 53 (1984) 1437.



337



























des documents recommandant







[image: alt]





Frequency-Range Discriminations and Absolute Pitch in Black 

of male and female black-capped and mountain chickadees in eight-frequency-range discriminations. Also, we trained a small number of male zebra finches to ...










 


[image: alt]





A NEW ABSOLUTE FREQUENCY REFERENCE GRID IN THE 28 THz 

Jan 1, 1981 - FROM R.S.McDOWELL and coil. J. Chem. Phys. 62,1513 (1978) .... As discussed before a + 0.6 (f 0.4) kHz correction has been applied to the.










 


[image: alt]





TOWARDS A NEW ABSOLUTE FREQUENCY REFERENCE GRID IN 

the advent of waveguide CO 2 or N20 lasers 14,5]. As an example the v 3 band of OsO 4 ... monic frequency on a point contact MIM diode. In this paper we give ...










 


[image: alt]





A NEW ABSOLUTE FREQUENCY REFERENCE GRID IN THE ... - Hal 

Jan 1, 1981 - MIM. DlOUE. WAVEGUIDE. R. FREOUENCY. X-Y. PLOTTER. TELESCOPE. X. 7 f. $ f as. 18177. CELL. I. Fig.2. : Simplified schematic diagram.










 


[image: alt]





A Absolute differentiation 120 Absolute scalar field 44 Absolute tensor 

Addition of systems 6, 53. Addition of tensors 53, 62 ... Alternating tensor 6,7. Ampere's law 176, 300 ... Geodesics 141, 146, 157. Geodesic curvature 134, 140.










 


[image: alt]





CHOICE OF OPERATIONAL FREQUENCY 

DEPARTMENT OF COMMUNICATION AND ELECTRONIC ENGINEERING. 1. At the risk of generalising, an operational satellite system needs the following: 1.










 


[image: alt]





absolute spectroradiometric calibration of the ads40 sensor 

Digital cameras have spectral and radiometric properties superior to ... signal, lens falloff, and radiometric gain for each sensor line. ... In order to provide a regional camera service, radiometric calibration .... color transformation is possible










 


[image: alt]





Unified Representation of Typological, Absolute and Relational 

[Salmon-Alt2001] and more generally is inspired by the work of ..... Perceived Colors, in Machine Learning in Computer Vision: What, Why and How? AAAI-TR.










 


[image: alt]





Reduction of Low Frequency Loudspeaker 

May 9, 1997 - An adaptive digital filtering system is developed for low-frequency audio ..... routing of the magnetic field, even the most modern and expensive ... ed systems, where the driver, amplifier, enclosure, and feedback ... actively reduce l










 


[image: alt]





Determination of Muscle Orientations and Moment 

Theoretical Background ... From the tendon and joint displacement curve, the slope at ... The solid curve represents the muscle path obtained by using serial.










 


[image: alt]





The absolute proof! - Euromath 

forward to explain a physical phenomenon. If observations ... of physicists overturning or, at the very least, refining the theory of their predecessors. The modern ...










 


[image: alt]





Seasonality of absolute humidity explains seasonality of ... - Marc Choisy 

Aug 28, 2015 - Results: The intensity of ILI seasonality in Vietnam is best explained by the ... second path of investigation has examined predictors of the inten- ... (8â€“24â—¦ N) and elevational (0â€“3200 m) ranges. .... a role also, both alone (n










 


[image: alt]





Simultaneous determination of nineteen hallucinogenic ... - ba333 

Mar 16, 2005 - Moreover, the proposed methods were applied to analyses of these ... by a linear gradient program and a quantitative analysis was carried out by the monitoring of .... The products sold as â€œchemical reagentsâ€� via the Internet.










 


[image: alt]





Reduction of Low Frequency Loudspeaker 

May 9, 1997 - APPENDIX B: ASSEMBLY PROGRAM ...... While the ultimate goal of this project is to be ..... a linear relationship between the two is required.










 


[image: alt]





Determination of extremely low concentrations ... - Mustapha Hached 

de Rooij, who gave me the opportunity to work in a research group, as well as for his guidance and advice. .... Persons concerned and case numbers: . ..... divided in 19 school located in three cities in the southern part of the .... the circuit loop










 


[image: alt]





"Molecular Weight Determination". In: Encyclopedia of ... .fr 

Polystyrene and poly(ethylene oxide) are soluble in both phases, and. Â¯ ..... (SDS), and these subunit-SDS complexes are separated on the basis of molecu-.










 


[image: alt]





MS IC50 Determination of CYP ... .fr 

APCI. â€¢. IC50 comparable with LC-MS/MS and LDTD-. MS/MS methods ;. Instrumentation. â€¢. LDTD ion source, T-960 (Phytronix Technologies) interface on a TSQ ...










 


[image: alt]





Determination of activation parameters for ... - Laurent Pizzagalli 

Aug 12, 2008 - molecular dynamics simulations using an embedded atom method EAM potential are used ... a dramatic effect on the behavior of devices.1 Therefore, a ..... Electron. 3, 295 1978. 34 M. J. Mills and P. Stadelmann, Philos. Mag.










 


[image: alt]





Determination of imidacloprid in water and soil 

gas chromatography-mass spectrometry and selected ion monitoring. ..... accurate. On the other hand, the non-significative value of the intercept in the YC ...










 


[image: alt]





Determination of bankfull discharge magnitude and ... - publications 

May 3, 2006 - The scientific community has largely adopted the bankfull discharge (magnitude ... Thirdly, the transition between in-bank and over-bank flow ...










 


[image: alt]





Absolute calibration of the photon detector module of the EUSO 

Jul 30, 2015 - Validation of the technologies and components developed for the JEM-EUSO mission by ..... Physics (TIPP 2011), Physics Procedia 37 (2012).










 


[image: alt]





Modality and absolute generality 

G enerality. Ã˜ystein. L inneb o. University of. Bristol. P aris,. Septemb er. 2009. Ã˜ystein. L inneb o. (University of. Bristol). Mo dality a nd. Absolute. Generality. P a.










 


[image: alt]





T he Absolute Dualism 

T here is much talk, nowadays, about a " religious come-back" within our so-called ... between ordinary consciousness, cosmic consciousness, and spiritual ..... you surrender to death, whereas you had the power to participate in immortality?










 


[image: alt]





Determination of Elastic Moduli of Thin Layers of 

results are compared to macroscopic measurements on poly(vinyl-alcohol) gels. INTRODUCTION ..... For each polymer concentration, a relatively thick sample was made. (1 mm) and data were ...... poly(vinyl acetate) networks. Polymer Bull.










 














×
Report ABSOLUTE FREQUENCY DETERMINATION OF SUPER-NARROW





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



