









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













J. Phys. B: At. Mol. Opt. Phys. 31 (1998) L11–L15. Printed in the UK



PII: S0953-4075(98)88895-0



LETTER TO THE EDITOR



Observation of the magnetic-dipole fine-structure transition in the tellurium negative ion Michael Scheer, Ren´e C Bilodeau and Harold K Haugen† Department of Physics and Astronomy, McMaster University, Hamilton, Ontario, L8S 4M1, Canada Received 31 October 1997  Abstract. Two-colour two-photon detachment of Te− 5p5 2 P3/2 via the 2 P3/2 → 2 P1/2 magnetic dipole transition has yielded an accurate value for the fine-structure splitting of the ion: 5005.36(10) cm−1 (0.620 586(13) eV). The work clearly demonstrates the applicability of forbidden transitions in the study of the structure of negative ions. One-photon detachment from the Te− 5p5 2 P1/2 level also provided a threshold value which, in combination with the well known 2 P3/2 binding energy, served as an independent measurement of the fine-structure splitting.



Multiphoton techniques have been applied to the study of negative ion structure only quite recently [1–5]. With regard to bound energy levels, stable atomic negative ions typically only exhibit terms and fine structure corresponding to the ground electronic configuration [6, 7]. Hence, the study of bound levels most often reduces to a study of levels of the same parity. The binding of these levels can be determined by single-photon detachment experiments based on electron spectrometry or tunable laser photodetachment threshold spectroscopy [7]. Electron spectrometry experiments do not achieve the same ultimate accuracy as tunable laser spectroscopy. Also, single-photon detachment experiments exhibit serious limitations in cases where the levels are closely spaced, particularly for thresholds other than Wigner s-wave features, and in cases where the levels are not effectively populated in the ion source [5]. Multiphoton approaches utilizing pulsed laser technology can largely overcome these problems. Three-photon detachment via resonantly enhanced stimulated Raman processes has been demonstrated as a superior approach in determining the fine-structure splittings of Se− and Te− [2, 5]. In the two-photon stimulated Raman process, the transition between levels of the same parity is electric-dipole allowed. The application of (electric-dipole) ‘forbidden’ transitions to the study of negative ions was also reported recently [4]. In that work, magnetic dipole transitions between fine-structure levels of Ir− and Pt− were discussed, but some uncertainty in the interpretation remained due to the fact that signals could neither be obtained for the corresponding 2 + 1 Raman process, nor for single-photon detachment from the excited levels. The failure of the 2 + 1 Raman experiment might well be explained by small cross sections for such processes in these species, and the lack of single-photon detachment from the excited level is readily explained by the fact that the highly excited levels are essentially unpopulated in species derived from the sputter ion † Also with the Department of Engineering Physics, the Brockhouse Institute for Materials Research and the Center for Electrophotonic Materials and Devices, McMaster University. c 1998 IOP Publishing Ltd 0953-4075/98/010011+05$19.50 
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source, but some uncertainty remains. In contrast, in the present experiment on Te− , the fine structure is very well known from a number of earlier experiments incorporating (2 + 1)photon Raman approaches and single-photon detachment schemes [2, 5, 8]. Therefore there can be no doubt in this case as to the interpretation of the experiment, which involved photodetachment of Te− via (1 + 1)-photon absorption, with a magnetic dipole transition between the fine-structure levels as the first step. The situation is depicted in figure 1, a simplified energy level diagram of Te− and the ground state of Te. In addition, in order to verify the fine-structure splitting, a standard single-photon detachment experiment was conducted from the upper fine-structure level. We did not measure the binding energy of the lower level (EA of Te) as it was recently determined by Haeffler et al with very high accuracy: 15 896.18(5) cm−1 (1.970 876(7) eV) [9].



Figure 1. Schematic energy level diagram of Te− and Te. Different photodetachment schemes aimed at a determination of the fine-structure splitting are indicated by arrows: (a) three-photon detachment via the two-photon Raman E1 resonance; (b) one-photon detachment thresholds; (c) two-photon detachment via the one-photon M1 resonance.



The details of our experimental approach are described elsewhere [5, 10]. Laser pulses of nanosecond duration at a wavelength of ≈ 751 nm, emitted from a 10 ns duration Q-switched Nd:YAG laser pumped dye laser, and the corresponding second Stokes light at ≈1998 nm, obtained from an H2 Raman shifter, were utilized in the 1 + 1 photodetachment experiment. The infrared beam (1998 nm) drives the magnetic dipole (M1) transition, while the dye laser light (751 nm) ensures the subsequent detachment from the excited J = 12 level. Infrared  pulse energies were ≈ 2 mJ at 2 µm. The single-photon detachment threshold of Te− 2 P1/2 was obtained by employing the output of the pulsed dye laser directly. Routine calibrations of the dye laser set-up were conducted using an optogalvanic cell, which was also used in a direct measurement of the Raman shift yielding 4155.20(2) cm−1 . Rigorous comparisons of the wavelength of the second Stokes light with known ionic energy intervals have also been performed. Various tests indicate that the second Stokes wavelength calibration is reliable to at least 0.2 cm−1 . A 12 keV Te− beam was extracted from a Cs sputter ion source, magnetically mass-analysed, and then charge-state analysed in an ultra-high vacuum chamber, where the Te− beam currents were typically about 150 nA. There the ion beam was crossed at 90◦ with the two coaxial and focused laser beams, or the collimated dye laser
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Figure 2. Two-colour two-photon detachment signal versus infrared laser photon energy in the vicinity of the magnetic-dipole fine-structure resonance. The full curve represents a Gaussian fit.



beam in the case of single-photon detachment. The photodetached neutral atoms impinged on a discrete dynode electron multiplier which was operated in an (linear) analogue regime. Data collection involved a gated integrator and boxcar averager. Laser wavelength scans of the region expected to yield the 1 + 1 (M1) photodetachment resonance were carried out by eliminating from the Raman cell output all components except the residual dye laser and second Stokes beams and then focusing the light on the ion beam utilizing a 60 cm focal length lens. An example of the resonant signal is shown in figure 2. The sharp resonant feature is seen to be 0.16(2) cm−1 wide and the signalto-background ratio is about 1:1. The resonance is clearly resolved and exhibits a high signal-to-noise ratio. The background level is primarily due to one-photon detachment of the excited Te− 5p5 2 P1/2 ions since the thermal population from the sputter ion source leads to an initial population of this level of ∼1%. The resonance position is found to be 5005.36(10) cm−1 (0.620 586(13) eV). The uncertainty is attributed largely to a combination of the uncertainty in the second Stokes wavelength calibration and a possible systematic error due to a Doppler shift. This new value for the fine-structure splitting can be compared with the earlier values of Slater and Lineberger, 5008(5) cm−1 [8]; Kristensen et al, 5004.7(2) cm−1 [2] and Thøgersen et al, 5004.6(5) cm−1 [5]. Although the values are close and misinterpretation of the resonance in figure 2 can be ruled out, the present value differs from that of [2] by about three standard deviations and from that of [5] by 1.5 standard deviations of the earlier measurements, respectively. Although the differences are not large, the discrepancy with [2] was of concern, given the fact that we assume that an accuracy of ≈ 0.2 cm−1 can be routinely obtained in our respective pulsed laser measurements. Hence, numerous checks were conducted on the laser calibration and other experimental parameters in the present work. In order to further investigate the source of the difference, we conducted a careful measurement of the single-photon detachment threshold from the upper Te− level. While earlier investigations [5] had not obtained high accuracy signals from the J = 12 level of the ion, improvements in the experimental parameters combined with greatly increasing the number of laser wavelength scans allowed a highly
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Figure 3. Relative cross section versus laser wavelength for single-photon detachment from the  J = 12 level of Te− 5p5 2 P . Error bars were estimated on the basis of counting statistics. The full curve represents a Wigner s-wave fit.



accurate binding energy to be obtained from the detachment scan of the excited level. The results of the scan are shown in figure 3. The binding energies obtained for the J = 12 level is 10 890.80(15) cm−1 which, if subtracted from the EA of Te (15 896.18(5) cm−1 [9]), yields an energy difference of 5005.38(16) cm−1 , in excellent agreement with the new value extracted from the (1 + 1)-photon detachment measurement. Subsequently, it was realized [11] that a calibration error probably existed in the earlier Te− (2 + 1)-photon detachment experiment [2], leading to a minor systematic error not accounted for by the error bars. Various considerations indicate that the present value for the Te− fine-structure splitting should be adopted. The clear demonstration of a two-photon detachment via a 1 + 1 magnetic dipole resonance in a case where the interpretation is perfectly clear verifies the perspectives which were outlined in [4]. The M1 transition in Te− is expected to be of moderate strength [12], having an Einstein A coefficient of ≈ 2 s−1 , estimated on the basis of isoelectronic extrapolation from neutral I [13, 14] by accounting for the difference in wavelength. The fact that atomic negative ions generally possess fine structure which might be studied using ‘forbidden transitions’ suggests that the present approach may be extensively utilized in the future. Indeed, in a very recent study of the negative ion of antimony we were able to investigate previously unobserved structure through the incorporation of magnetic dipole transitions [15]. Developments in laser technology (e.g. through infrared optical parametric oscillators) leading to perhaps two orders of magnitude more infrared light intensity than in the present case, would serve to greatly increase available signal levels. Backgrounds, due to single-photon detachment from the excited level as in the present work, could be reduced in the future. This might be achieved via an ion source with a much lower effective temperature, via novel charge-exchange-based ion-beam preparation, or probably most effectively by a scheme to selectively pre-deplete the ions in the upper level or levels via saturated laser-induced photodetachment prior to the actual multiphoton detachment of the ground level.
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In summary, we have measured the Te− 5p5 2 PJ fine-structure splitting via a magneticdipole (1 + 1)-photon detachment scheme. The experiment clearly establishes the feasibility of such experiments, under typical negative ion beam and pulsed laser conditions, in a case where the interpretation of the resonance is beyond question. In addition, a minor systematic error in an earlier stimulated-Raman (2 + 1)-photon detachment measurement of the same splitting has been noted. Perspectives for future developments have also been briefly discussed. We gratefully acknowledge the Natural Science and Engineering Research Council of Canada (NSERC) for support of this work. T Andersen and V V Petrunin are also thanked for their comments on the manuscript. References [1] Stapelfeldt H and Haugen H K 1992 Phys. Rev. Lett. 69 2638 [2] Kristensen P, Stapelfeldt P, Balling P, Andersen T and Haugen H K 1993 Phys. Rev. Lett. 71 3435 [3] Petrunin V V, Volstad J D, Balling P, Kristensen P, Andersen T and Haugen H K 1995 Phys. Rev. Lett. 75 1911 [4] Thøgersen J, Scheer M, Steele L D, Haugen H K and Wijesundera W P 1996 Phys. Rev. Lett. 76 2870 [5] Thøgersen J, Steele L D, Scheer M, Haugen H K, Kristensen P, Balling P, Stapelfeldt H and Andersen T 1996 Phys. Rev. A 53 3023 [6] Bates D R 1991 Adv. At. Mol. Opt. Phys. 27 1 Andersen T 1991 Phys. Scr. T 34 23 Buckmann S J and Clark C W 1994 Rev. Mod. Phys. 66 539 Blondel C 1995 Phys. Scr. T 58 31 [7] Hotop H and Lineberger W C 1985 J. Phys. Chem. Ref. Data 14 731 [8] Slater J and Lineberger W C 1977 Phys. Rev. A 15 2277 [9] Haeffler G, Klingmuller A E, Rangell J, Bezinsh U and Hanstorp D 1996 Z. Phys. D 38 211 [10] Thøgersen J, Steele L D, Scheer M, Brodie C A and Haugen H K 1996 J. Phys. B: At. Mol. Opt. Phys. 29 1323 [11] Andersen T and Petrunin V V Private communication [12] Garstang R H 1964 J. Res. Natl. Bur. Stand. Sect. A 68 61 [13] Hohla K and Kompa K L 1976 Handbook of Chemical Lasers ed R W F Gross and J F Bott (New York: Wiley) [14] Hess W P, Kohler S J, Haugen H K and Leone S R 1986 J. Chem. Phys. 84 2143 [15] Scheer M, Haugen H K and Beck D R 1997 Phys. Rev. Lett. 79 4104
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