The 1s Lamb Shift in H-like Uranium Measured on Cooled and Decelerated Ion Beams

Th. Stöhlker 1,2)

, P.H. Mokler 1) , F. Bosch 1) , R.W. Dunford 3) , C. Kozhuharov, G. Menzel 1) , P. Rymuza 4) ,

Z. Stachura 5) , P. Swiat 6) , A. Warczak 6) , B. Franzke 1) , O.Klepper 1) , A. Krämer 1,2)

, T. Ludziejewski 2 ,

H.T. Prinz 1) , H. Reich 1) and M. Steck 1) ,

GSI-Darmstadt (Germany) 1 , IKF UniversityofFrankfurt (Germany) 2) , Argonne Nat. Lab. (Ill-USA) 3) , INS Swierk (Poland) 10) , INP

Krakow (Poland) 11) , UniversityofKrakow (Poland) 12)

Byusing intense beams ofcooled and decelerated uranium ions, the ground-state transition energies of hyrogenlike uranium were measured in an x-rayspectroscopyexperiment conducted at the ESR gas-jet target (Fig. 1). The main purpose ofthis studyis the accurate determination ofthe binding energyofthe

1s levelwhere effects ofQED are strongest. Here we report on the current status ofthe data evaluation ofthis experiment exploiting the deceleration capabilityofthe ESR storage ring for the first time in such investigations. For a detailed description of the experimentaltechniques used we refer to Ref. [1].

Figure 1: The ground-state transitions in Hlike uraniumas observed at 48 O byone strip of the segmented detector: The spectrumwas recorded at a beamenergyof

68 MeV/u.

For the experiment, the gas-jet area was surrounded byfour

Ge( i) x-raydetectors mounted at observation angles of48 0 ,

90 0 , and 132 0 with respect to the predicted ion-opticalbeam axis wherebyat 48 O and 90 O segmented x-rays detectors were used. When knowing preciselythe relative angles between all the detectors the individualposition ofeach x-raydetector can be determined byassuming that the origin ofthe radiation is the same for alldetectors. This procedure is required, as the absolute position ofthe interaction zone between gas jet and ion beamis not preciselyknown.

The whole detector arrangement, i.e. the detector positions relative to each other, were measured bylaser assisted trigonometryjust before and after the experiment. Froma comparison ofboth measurements, a mean angular stabilityof the set-up of0.015 O was deduced. Beside the mechanical stability, the controlover possible electronic drifts was most important. For this purpose, alldetectors were calibrated frequentlyduring the experiment byusing 169 Yb and 182 Ta standard calibration lines. For the data analysis, the collected data were subdivided into various groups and evaluated separately. Thereafter, the centroid energies ofthe ground-state transition lines ofeach detector were fitted with Gaussian distributions. Since the line shapes might be influenced bythe

Doppler effect, the appropriateness ofthe applied fit procedure was checked byMonte Carlo calculations. Typically, an

accuracyfor the determination ofthe centroid energies of10 to

20 eV was achieved. The latter turned out to be limited by calibration uncertainties rather than bycounting statistics.

Finally, the centroid ofthe Ly a transitions in the projectile frame were determined. bymeans ofan uncertaintyminimizing procedure, including allcentroid energies ofthe individual segments at the various observation angles and considering the known relative positions ofeach detector. For the case ofthe

Ly a 1 transitions, the resulting uncertainties are given in the table. Also, the uncertaintyin the knowledge ofthe absolute beamvelocityhas to be considered. As it has been established recently, the latter is caused bya systematic uncertaintyin the cooler voltage of10 V, leading to an D b / b = ± 1.7 ´ 10 -4 at 49

MeV/u and of D b / b = ± 1.2 ´ 10 -4 at 68 MeV/u. However, the latter affects onlyslightlythe overallaccuracyofthe experimentalresults (see Table 1).

Table 1 : The preliminary result for the energy of the Ly

a 1 line

of U 91+ along with its experimental uncertainties. All values

are given in eV.

geometry fit Ly 1

49 MeV/u ± 8 ± 3 ± 13.2 102 162 ± 15.7

68 MeV/u ± 9 ± 2.3 ± 14.3 102179 ± 17.0

Mean value ± 8.5 ± 2.6 ± 9.7 102170 ± 13.2

Table 2: Preliminary experimental Lamb Shift value for the 1s

ground-state in H-like uranium in comparison with the

theoretical prediction.

experiment 469 eV ± 13 eV

theory 465.9 eV [2]

The preliminaryexperimentalresult for the Ly a 1 transition

energyand the deduced 1s Lamb Shift value is summarized in

the tables. It agrees wellwith the most recent theoretical

prediction [2,3] and with a former experiment conducted at the

electron cooler device [4] where an absolute precision of ± 16

eV was achieved. In order to obtain a significantlyimproved

precision, future experiments must focus on the application of

high-resolution x-raydetection devices such as crystal

spectrometers or bolometers which presentlyare under

construction. Currently, also the potentialofthe absorption-

edge technique [5] is being investigated.

[1] Th. Stöhlker et al., Hyp. Int. 108, (1997) 29.

[2] T. Beier et al., Phys. Lett. A 236, (1997) 329.

[3] P.J Mohr, G. Plunien, G. Soff, Physics Reports 293, (1998).

[4] H.F. Beier et al., Z. Phys.D. 35, (1995) 169.

[5] A. Krämer et al., contribution to this report.