Measurement of the Two-electron Contribution to the Ground State Binding Energy in He-like Uranium

A. Gumberidze^{1,2,6}, Th. Stöhlker^{1,2}, D. Banaś^{1,3}, G. Bednarz^4, H. F. Beyer^1, F. Bosch^1, X. Cai^7, S. Hagmann^{1,2}, O. Klepper^1, C. Kozhuharov^1, D. Liesen^1, X. Ma^{1,6}, P. H. Mokler^1, D. Sierpowski^4, Z. Stachura^5, M. Steck^1, S. Toleikis^1, A. Warczak^4 and Y. Zou^8

1GSI, Darmstadt, Germany;^2IKF, Univ. of Frankfurt, Germany;^3Institute of Physics, Świȩtokrzyska Academy, Kielce, Poland;^4Jagiellonian University, Krakow, Poland;^5INP, Cracow, Poland;^6Tbilisi State University, Georgia; 7Institute of Modern Physics, Lanzhou, China;^8Fudan University, Shanghai, China

Study of spectra of helium-like ions has proven to be useful for understanding relativistic, correlation and QED effects in many-body systems. Recently, there has been a significant progress in theoretical as well as experimental studies of such systems, in particular for the high-Z regime. Various theoretical investigations based on different methods such as the relativistic many-body perturbation theory (RMBPT) [1], multi configuration Dirac-Fock [2] and the unified method [3], have been performed. For the ground state the progress is in particular impressive, since even the two-electron QED contributions have been evaluated completely up to the second order [4, 5]. Experimentally a new approach has been developed which exploits radiative recombination (RR) transitions and provides a direct access to the two-electron contribution for the ground state in He-like systems [6, 7]. All one-electron contributions to the binding energy such as finite-nuclear size corrections and the one-electron self energy cancel out completely in this type of experiment. Note, this is a distinctive feature of this particular kind of QED test and is in contrast to all other tests of bound state QED for high- Z ions such as 1s Lamb shift (in one-electron systems), g-factor of bound electrons, or hyperfine splitting.

Recently, we carried out an experiment for an investigation of the two-electron contributions to the ground state binding energy in helium-like uranium at the electron cooler of the ESR storage ring. For the details of the experiment please refer to the [8]. A very important aspect of our study was a precise determination of the Xray energies. Although the intrinsic resolution of the Ge(i) detector (used in the experiment) for the energy range of relevance is about 750 eV, small energy difference between two close spaced lines can be determined with high accuracy [9]. In order to take advantage of this property, the projectile energy of 43.59 MeV/u was chosen. At this particular beam energy the Doppler shift close to 0^o allowed us to park the 177.2 keV γ-line of^{169}Yb, used for calibration, just in between the K-RR lines for H-, and He-like uranium. During the experiment the calibration source was regularly placed in front of the detector in order to gain control over possible drifts. During the data analysis the calibration behavior as a function of time was analyzed. The data were divided into individual groups and were analyzed separately. After this, results deduced from each of the individual data sets were compared and checked for consistency. At the end, by combining all the individual data sets, the final result of 2248 ± 9 eV was obtained. In order to elucidate in more detail the achieved experimental sensitivity, we compare in table 1 our result with the individual two-electron contributions as calculated in [4]. Our result agrees with the theoretical prediction within the experimental uncertainty. In the context of RMBPT, our uncertainty is smaller than the second-order many body contribution so the experimental result is sensitive to this part of the theory. Moreover, our accuracy is of the same size as the second-order two-electron self energy contribution. Here, we would like to stress that in our experiment contribution of possible systematic error sources are essentially eliminated and our result is only limited by counting statistics.

1^{st} order 2^{nd} order ≥ 2^{nd} order NR RMBPT RMBPT RMBPT 2265.87 -14.16 0.05 1.3

2eSE 2eVP Total theory Exp.

-9.7 2.6 2246.0 2248 ± 9

Table 1: Comparison of our experimental result with the RMBPT calculations of Persson [4]. NR: non-radiative QED; 2eVP: two-electron vacuum polarization; 2eSE: twoelectron self energy (all values in eV).

Acknowledgements

We gratefully acknowledge the support by the EU grant EC-HPRI-CT-1999-00001.

References

[1] D.R. Plante, W.R. Johnson, J. Sapirstein, Phys. Rev.

A, 49, 3519 (1994).

[2] O. Gorceix, P. Indelicato, and J. P. Desclaux, J. Phys.

B. 20, 639 (1987); P. Indelicato, O. Gorceix, and J. P. Desclaux, ibid. 20, 651 (1987).

[3] G.W. Drake, Can. J. Phys. 66, 586 (1988). [4] H. Persson , S. Salomonson, P. Sunnergren, I. Lindgren, Phys. Rev. Lett. 76, 204 (1996).

[5] S. Blundell, P. J. Mohr, W. R. Johnson, and J.

Sapirstein, Phys. Rev. A 48, 2615 (1993).

[6] R.E. Marrs, S.R. Elliot and Th. Stöhlker, Phys. Rev.

A 52 3577 (1995).

[7] Th. Stöhlker, S.R. Elliott, R.E. Marrs, Hyperfine Interactions 99, 217 (1996).

[8] A. Gumberidze et al., GSI Scient. Rep. 2001, Study of the Two-Electron Lamb Shift in High-Z Helium-like Ions.

[9] R.G. Helmer, R.C. Greenwood, R.C. Gehrke, Nucl.

Instrum. Methods 124 107, (1975).