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Report:

We have measured the Compton double-to-single ionization ratio of helium [1-5] using an ion
time-of-flight spectrometer along with monochromatized synchrotrons radiation of 57 keV. This
photon energy is higher than al former published experiments and probes the “Compton ionization
alone since the photoionization gives only a negligible contribution to the total cross section. The
experiment was performed at the new high-energy beam-line BL25 behind wiggler D15 operated
in 16-bunch mode. The energy resolution is about 0.1 %. The photon beam entered the vacuum
chamber through a beryllium window. The helium ions, which were produced in the interaction
region defined by the intersection of the photon beam and the effusive gas beam, were detected
with an ion time-of-flight spectrometer [6,7]. A fast timing signal, provided by the ESRF and
derived from the storage ring electronics, served to provide a stop pulse for the time-to-amplitude
converter. The voltages across the microchannel plates of the spectrometer were chosen such that
an equal detection efficiency for He'and He""was assured [8]. The gas pressure of helium in the
chamber was 1 x 10-5 mbar which is low enough to assure negligible pressure dependence because
of inelastic scattering.

According to Amusia and Mikhailov [5] the ratios for both photoionization and Compton ionization
have the same asymptotic value. A few theories predict an lower asymptotic value of 0.80% to
0.84% [2,4] in which case our measured ratio lies higher. However, another theory predicts that the
ratio fals slowly and suggests that the asymptotic value is reached only above 75 keV [13].



Figure 1. Comparison of our Compton

double-to-single ionization ratio (circle)

with other experimental data (square [6],

diamond [9], star [I0], triangles [11,12])

and theoretical calculations (solid line [1],

short dashed line, uncorrelated final state
[2], long dashed line, correlated final

state [2], dotted line [4], thin dashed-

dotted line [3], bold dashed-dotted line
[13]). The gray line is an extrapolation of
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Because the new data point (1.25*0.3)% at (57+0.06) keV is dlightly lower than the data points
above 12 keV there is an indication that the ratio is till steadily decreasing with increasing photon
energy as suggested by Bergstrom et al. [13]. An extrapolation of the theoretical ratios calculated
by Bergstrom et al. [13] using athird order polynomial curve yields an asymptotic limit of 1.18%.
Thus in order to prove the high-energy behavior and to distinguish decisively among the different
theoretical predictions measurements at higher photon energies but also with better accuracy are
required.

Teﬁis work was supported by the BMBF, the DFG, the ESRF, the National Science Foundation,

under contract No. PHY 9417924, and the Department of Energy, division of Chemical Science,
under contract No. DE-FG02-92ER14299.

[1] L. R. Andersson and J. Burgdorfer, Phys. Rev. Lett 71,50 (1993).
[2] L. R. Andersson and J. Burgdorfer, Phys, Rev. A 50, R2810 (1994).
[3] K. Hino, P. M. Bergstrom, Jr., and J. H. Macek, Phys. Rev. Lett. 72, 1620 (1 994).
[4] T. Suric, K. Pisk, B. Logan, and R. Pratt, Phys. Rev. Lett 73,790, (1994).
[5] M. Ya Amusia and A. |. Mikhailov, J. Phys. B: At. Mol. Opt. Phys. 28, 1723(1995).
[6] J. C. Levin, D. W. Lindle, N. Keller, R. D. Miller, Y. Azuma, N. Berrah, H. G. Berry,
and I. A. Sellin, Phys. Rev. Lett. 67, 968 (1991).
[7] N. Berrah, F. Heiser, R. Wehlitz, J. C. Levin, S. B. Whitfield, J. Vieflaus, 1. A. Sellin
and U. Becker, Phys. Rev. A 48 R1733 (1993).
[8] R. S. Gao, P. S. Gibner, J. H. Newman, K. A. Smith and R. F. Stebbings,
Rev. Sci. Instrum. 55, 1756 (1984) .
[9] L. Spielberger, O. Jagutzki, R. Dorner, J. Ullrich, U. Meyer, V. Mergel, M. Unverzagt,
M. Damrau, T. Vogt, I. Ali, Kh. Khayyat, D. Bahr, H. G. Schmidt, R. Frahm and
H. Schmidt-Bocking, Phys. Rev. Lett. 74,4615 (1995).
[10] M. Sagurton, D. V. Morgan, R. J. Bartlett, J. A. R. Samson and Z. X. He, presented at
Workshop on Two-Electron Processes in Photon-Helium Interaction, and priv. comm. (1996).
[11] J. C. Levin, I. A. Sdlin, B. M. Johnson, D. W. Lindle, R. D. Miller, N. Berrah, Y. Azuma,
H. G. Berry and D. H. Lee, Phys. Rev. 47, R16 (1993).
[12] J. C. Levin, G. B. Armen and I. A. Sdllin, Phys. Rev. Lett., in press.

[13] P.M. Bergstrom, Jr., K. Hino and J. H. Macek, Phys. Rev. a 51,3044 (1995).



