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=0.06] step variation of I at the diffusion region
(besides the variation in K,), we calculate that
the intensities for H, ll(100) axis are a factor of
100 below the intensity values calculated for no
variation of M. However, for H, ll(110), I,/Ia
= 1.2x10 *, I,/I, =Vx10 ', a,nd I,/I, =1.1x10 4.

The significant point here is that even for small
changes in the anisotropy and demagnetizing
fields at the diffusion region from their respec-
tive bulk values, it may be possible to induce
large angular variations in the spin-wave-mode
intensities. Clearly, both E, and M must change
in this region. However, this model is too sim-
plistic to take seriously when comparing with the
data in totality. We believe the model contains
the essential features required to explain the re-
markable angular variations of the intensities ob-
served in {100)and (110) films.

In conclusion, the strong angular variation of
the spin-wave-mode intensities is explained in
terms of a nonuniform anisotropy field localized
in a diffusion region rather than by an artificial
surface field. We would like to thank Dr. J. J.
Krebs for helpful discussions, Dr. J. Murday for

the Auger-spectroscopy measurements, and Dr.
R. Henry for kindly providing some of the LPE
YIG films.
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Harry H. Heckman and Peter J. Lindstrom
Lawrence Berkeley Laboratory, University of California, Eerketey, California 94pro

(Received 22 March 1976)

The dissociation of relativistic ' C and 0 nuclei by the Coulomb fields of target nu-
clei has been inferred from the systematics of cross-section data. Coulomb contribu-
tions to the total fragmentation cross sections are interpreted by the Weizsacker-Wil-
liams method. The minimum-impact parameters deduced by this method are character-
ized by radial overlap distances comparable to the charge-skin thicknesses of the inter-
acting nuclei, compatible with the effects of nuclear absorption.

We report in this Letter experimental evidence
for the dissociation of Bevatron/Bevalac beams
of "C and "O in the nuclear Coulomb fields of
target nuclei. This evidence comes from experi-
ments on the target dependence of the isotopic
production cross sections for secondary nuclei
produced by the fragmentation of "C and "0beam
nuclei at energies E =1.05 GeV/n ("C) and 2.1
GeV/n ("C and "0).' By use of photonuclear

cross-section data and the Weizs'acker-Williams
(WW) method of virtual quanta, ' ' we are able to
account for the deduced cross sections and to de-
termine the minimum impact parameters for Cou-
lomb dissociation of heavy-ion projectiles.

Lindstrom et al. ' have measured the isotopic
production cross section 0~~ for the single-par-
ticle inclusive reaction B+T-I+. .. , where &,
T, and I are the beam, target, and fragment nu-
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FIG. 1. Target factors yz plotted versus target mass
A~ (amu), from Lindstrom et N. (Ref. 1). Individual
values of yz are shown for the single-nucleon-loss
cross sections indicated. The curve yz ~A~' +A z'
—0.8 is drawn through the mean target factors, shown
with error bars, for a11 cross sections &~z where Az

Ioo

clei, respectively. Essential to our analysis is
that the cross sections 0» are factorable, i.e. ,
o&z = yz yz, where y& is dependent on B and I"

only, and y~ is the target factor. Given in Ref. 1
are the measured cross sections 0»" and the
factored quantities y& and y& for all isotopes
produced by the fragmentation of ' C and "0pro-
jectiles in H, Be, C, Al, Cu, Ag, and Pb tar-
gets. Plotted in Fig. 1 are the target factors
yr = &~r /y& versus target mass A& (amu). For
fragment nuclei with mass A~ &A. -2, i.e., at
least two nucleons are removed from the beam
projectile, all isotopic production cross sections,
for a given target, are interrelated by a unique
target factor, y~. Striking deviations of y~ from
yr, up to 30% in Pb, are observed for those frag-
mentation cross sections that involve the loss of
one nucleon from the projectile. The differences
bebveen the observed values of y& and y~ increase
approximately as Z&' of the target, indicative of
a Coulomb effect. We ther&. fore attribute the tar-
get factors y~ to nuclear fragmentation and the
Z~-dependent differences bebveen y~ and y~ for
fragments with mass A & = A.&

—1 to Coulomb dis-
sociation. The experimental Coulomb-dissocia-
tion cross sections are therefore defined as
vww(expt) =0'» -ys yr, the difference between
the measured and factored cross sections.

Jackson' presents a classical development of
the WW method of virtual qu:mta for point charges

moving at relatlvlstlc velocltleso Jackie and P1l-
kuhn' have extended the validity of the WW formu-
la to nonrelativistic energies, and have incorpo-
rated nuclear absorption and charge form factors
in the theory. The present analysis refines the
work of Artru and Yodh, 4 who applied Jackson's
treatment of the VttW method to estimate the cross
sections for Coulomb dissociation of relativistic
nuclei.

To the extent that N(&u}, the equivalent number
of virtual photons per MeV, is the same for all
electric and magnetic multipoles, ' the WW cross
section for the dissociation of a nucleus, at veloc-
ity P, by the Coulomb field of a target nucleus,
atomic number Z, is given by

&ww =f & (~)N(~)d~ (1)

where v„(~) is the measured photonuclear cross
section at photon energy ~. The number density
of virtual photons has the functional form N()
=(&'/&P')FP, »~~/Py), where b~~, the mini-
mum-impact parameter, is the only adjustable
parameter in &ww.

References to the photoneutron and photoproton
cross sections we used to compute o~~ are, for
"C, a(y, n), ' 0(y, P)''; and for "0, 0(y, n), ' o(y,
p).' The cross section v(y, p) for "C was obtained
from the difference between rr(y, total) ' and v(y,
n).' The cross-section data given by Fultz et al. ,"
Cook et aE. ,"Taran and Gorbunov, "Cook et al. ,"
and Gorbunov and Osipova" were used to extrapo-
late v„(&u) to higher values of cu „(to 65 MeV for
"C and to 62 MeV for "0). Because the shape of
the high-energy tail of o„(cu} has little effect on

o~~, we have taken the extrapolated values of the
cross sections to be constant.

The giant dipole resonance dominates the photo-
nuclear reaction in the photon-energy interval
from about 15 MeV (threshold) to 30 MeV. The
photodissociation of "C and "0proceeds mainly
by single-nucleon emission. Furthermore, con-
tributions to 0~~ from the higher-threshold mul-
tinucleon-loss photoreactions are suppressed by
the ur ' weighting [from N(&u)] of v„(&o) in Eq. (1).
The experimental observation that only the single-
nucleon-loss fragmentation cross sections exhib-
it significant deviations from strict factorization
in high-Z targets is thus in accord with the proc-
ess of Coulomb excitation and dissociation.

By equating vww(expt) to vww, Eq. (1), we have
determined the impact parameter b; „appropri-
ate for each cross section. The minimum impact
parameter is defined by the relation b

+~, , -d, where the r, ., 's are the 10'%%uo charge-
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FIG. 2. Distributions of overlap distances d(b ~;„),
and their means, derived from 0~~&(expt) when fitted
by the Weizsacker-%'illiams cross sections O~~r, as
given (a) by Jackson (Ref. 2) and (b) by Jackie and Pil-
kuhn (Ref. 3). The dark horizontal bar delineates the
overlap region bounded by 0- d-t~+t z, the sum of the
charge-skin thicknesses of the beam and target nuclei.

density radii of the beam and target nuclei, "and
d is the radial-overlay distance. The values of

~ obtained in this experiment are, to within the
accuracy of the data, confined to a limited range
in d. Presented in Figs. 2(a) and 2(b), then,
are histograms of the overlap distances d that
account for the experimental cross sections
o~ ~(expt) for "C and "0projectiles in Ag and Pb
targets. Because of the differences in the theory
for the spectra of virtual quanta, we present two
distributions for d, each based upon the expres-
sions for N(~), hence o~~, given by Jackson' and

by Jackie and Pilkuhn. s

The standard deviations of the d distributions
are compatible with the statistical errors in
o~w(expt). Systematic variations in o~~(expt)
are expected to be small, since the cross sec-
tions are obtained from quantities that are insen-
sitive to errors in beam monitoring, background,
focusing corrections, etc. Possible systematic
errors ind(b ), other than those from the theo-
retical differences in o~~, are the photonuclear
cross sections o„(ru) and those inherent in the
method used to extract o'~~(expt) from o&r . On
the average, a 12% change in o„(&u), a typical un-

certainty in the photonuclear cross-section data,
leads to a 1-fm change in d(b ).

The unweighted mean (and its statistical error)
of the d distributions are d =0.4+ 0,8 fm (Jackson)
and 3.0+ 0.6 fm (Jackie and Pilkuhn). These mean

C A/ Cu Ag F'6
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FIG. 3. Target dependence of the measured cross
sections 0~~(expt) for the Coulomb dissociated reac-
tions indicated. The curves are computed using the
Jackie and Pilkuhn form of 0'~~with d =3.0 fm.

/0

values are shown in Fig. 2. Also included in this
figure is the interval of overlap distances bounded
by 0 ~d « t&+t~, where t& and t~ are the charge-
skin thicknesses of the beam and target nuclei,
which, in this experiment, range from 1.9 to 2.3
fm j5

Figure 3 presents the cross-section data from
this experiment, a~&(expt) =o» -y~ yr, plot-
ted as a function of target mass. Superimposed
on the data are curves of the computed cross sec-
tions o'~~ (Jackie and Pilkuhn) evaluated for a
constant overlap distance d = 3.0 fm. [Curves of
&&~ (Jackson) versus Ar evaluated for d =0.4 fm
are indistinguishable from those shown. j

Following Lindstrom et al. ,' we find that y~
~ (A~'l'+A r'" —0.8) gives an excellent fit to the
target factors of o &~ for A ~ ~ 12, as illustrat-
ed in Fig. 1. When expressed in terms of ro ~,
the target factor has the form of an impact pa-
rameter, y~ ~ (r, , +r, ,r —2.0), where r, , =r, ,
+t/2 and r, , =1.18A" —0.48." Thus, we find
that the effective overlap distance in y~ is d' =2.0
fm, a value that agrees well with the d's (0.4 and
3.0 fm) obtained in this analysis.

To summarize our results, all the salient fea-
tures of o&&(expt) are attributable to the frag-
mentation of projectile nuclei by the Coulomb
field of the target nucleus. Irrespective of the
theoretical model, '' use of the WW method to
interpret o~~(expt) correctly accounts for (i) the
identification of those isotope-production cross
sections that are significantly enhanced by Cou-
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lomb dissociation, (ii) the target dependence of
o'ww(expt), and (iii) the magnitudes of &ww(expt).
The energy dependence of aww(expt) is within the
errors of this experiment and verification of this
feature will have to await further experiments.
The values of & - derived from oww(expt) limit
the radial overlap, d, of the colliding nuclei to
distances comparable to their charge-skin thick-
nesses t, a manisfestation of the effects of nucle-
ar absorption. The Coulomb and nuclear frag-
mentation processes are related by the results
that d =d', which shows that the maximum over-
lap distance that accounts for Coulomb dissocia-
tion is, in essence, tantamount to the nuclear
overlap distance required to account for nuclear
(direct-interaction) fragmentation.

The authors greatly appreciate the knowledge-
able helpful comments unstintingly given us by
Dr. B. L. Berman and Professor J. D. Jackson on
this work.
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Wolfli's experiment about K" I- two-electron, one-photon transitions was criticized
by Nagel et al. in a recent paper. In the present Comment I discuss arguments of Nagel
et al. and show that WolQi s interpretation about cooperative x-ray transition is valid.

Nagel et al. ' have recently published a paper
about the experiment of Wolf li et al.' on coopera-
tive (K '- I ') x-ray emission observation, as-
serting that the energy of the line observed by
Wolf li et al. has not the correct energy to be the

K ' L ' transition. I present a Comment giving
a value of this energy deduced from our experi-
ments and asserting that the Nagel calculation
cannot invalidate the Wolf li interpretation.

Nagel et al. correctly assumed that the energy


