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Equilibrium charge states of uranium
at relativistic energies

Henry Crawford®,

Harvey Gould, Douglas Greiner,

Peter Lirdstrom, and James Symons

Lawrence Berkeley Laboratory,
Berkeley, California 94720

We have ucasured the charge fractions
of uranium ions at encrgics of 962 MeV/amu
end 430 MeV/amu passing through various
thickness targets of mylar (Z = 6.6), Cu
(Z=29) and Ta (Z=73). ‘From these we
determine the equilibrium charge state distri-
butions.

Uranium 68+ ions from the LBL Bevalac
are transported in vacuum through a window-
less beam line and pass through targets
located upstream of the beam 40 magnetic
spectrometer (Fig. 1). The charge states pro-
duced by collisions in the targets are spatislly
scparated in the magnets and are detected by
a position sensitive ionization chamber located
approximately 10 meters downstream from the
magnets. At the detector the charge states are
separated by roughly 1 cm. The convolution of
the instrumental resolution and the beam
width is about 0.2 cm (Fig. 2).

The equilibrium charge state distribu-
tions arc shown in Fig. 3. These distributions
were obtained from the data as follows:
Charge capture and loss cross sections were
fit! to the curves of charge state population
verses target thickness. The fitted capture and
less cross sections were then used to construct
the equilibrium distributions.

Fig 3 shows that at 962 McV/ammu the
average charge state of ihe uranium ions is
monotonic with target Z. However, at 430
McV/amu the average charge staic first rises
and then falls with increasing target Z. The
qualitative behavior of the charge state distri-
butions can be understood in terms of the
different encrgy and target Z dependence of
the ionization cross section and of the charge
exchanse, and radiative clectron capture cross
sections?. These will discussed in detail in 2
feture paper.
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Figure 1. - Schematic diagram of the experimental apparatus
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Figure 2. - Charge state fractions of 962
MeV/amu uranium (incident charge state
68+) after passing through 7.1 mg /em? of
mylar.
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equilibrium charge state distributions
of uranium at 430 Mev/amu
and 962 Mev/amu in mylar (Zw6.6)
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Figure 3. - Equilibrium charge state dis-
tributions

References

(n) also University of California Space Seiences
Laboratory, Berkeley Ca. 94720.

(1) The mcthod used to fit the cross sections to the data
i described in S. Datz, H.O. Lutz, LB. Bridwell, C. D.
Moak, H.D. Betz, and L.D. Elisworth, Phys. Rev. A2,
430 (1970).

(2) see for cxample, H. Bethe, Ann. Phys. (Leipsig) S.
325 (1930); P.H. Fowler, V.M. Ciapbam, V.G. Cowen,
J.M. Kidd, snd R.T. Moses, Proc. Roy. Soc. (London)
A318, 1 (1970); C. Raisbeek and F. Yiou, Phys. Rev.
A4, 1858 (1971); C.M. Lee, Phys. Rev. Al7, 566 (1978):
L Wilson, Lawrcace Berkeley Laboratory report No
LBL-7723; H. Crawlord, Lawrence Berkeley Laboratory
report No LBL-8807; R. Shakeshaft, Phys. Rev. A20,
719 (1979); B.L. Moiseiwitsch and S.G. Stockman, J.
Fhys. Bi3, 2975 (1980). D.H. Jakubafa-Amundscn and
P.A. Amundscn, Z. Pbysik A298, 13 (1980).



DISCLAIMER

This report waus prepared of work d by an agency of the
United States GovemmenL Nenher the United States Government nor any agency
thercof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liahility or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the Umted States Government or any agency thercof.
The views and opi of d hercin do not necessarily state or
reflect those of the United States Government or any agency ihereof,




