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Electromagnetic dissociation of Co and ' An targets by relativistic ' La projectiles
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The electromagnetic dissociation of ' Co and ' Au target nuclei by 1.26 GeV/nucleon ' La pro-
jectiles was inferred from measurement of cross sections for the one-neutron removal reaction. The
corresponding electromagnetic dissociation cross sections are large, reaching 0.28+0.04 and
1.97+0.13 barns for the Co(' La, X) Co and ' Au(' La, X)' Au reactions, respectively. The
experimental cross sections in excess of the estimated nuclear contributions are generally well de-

scribed by use of the Weizsacker-Williams method for calculating the electromagnetic dissociation
contributions, but they appear to increase more slowly as the projectile charge is increased, con-
sistent with a trend observed earlier for lower-Z projectiles.

I. INTRODUCTION

Dissociation of relativistic heavy ions (RHI) by the
Coulomb fields of target nuclei, called electromagnetic
dissociation (ED), was first reported by Heckman and
Lindstrom. ' Evidence was seen for ED in both the
single-neutron and the single-proton channels for 2.1

GeV/nucleon ' C and ' 0 and 1.05 GeV/nucleon ' C
projectiles. Olson et al. observed ED in the fragmenta-
tion of 1.7 GeV/nucleon ' 0 projectiles by targets rang-
ing from Be to U. ED cross sections were measured for
' 0, ' 0, and ' N projectile-like fragments which corre-
spond to one-neutron, two-neutron, and one-proton re-
moval processes, respectively. The largest ED cross sec-
tion was 140.8 mb for U(' 0, ' O)X.

ED was first reported for target fragmentation by Mer-
cier et al. In those experiments Co, Y, and ' Au
targets were bombarded with RHI ranging from 2. 1

GeV/nucleon '2C to 1.7 GeV/nucleon Fe. The one-
neutron removal ED cross sections became quite large as
the projectile Z increased, reaching 601 mb for the

Au( Fe,X)' Au reaction.
ED can be pictured as a purely electromagnetic pro-

cess which occurs when RHI pass near a high-Z target
nucleus but outside the range of the nuclear force. A vir-
tual photon from the Coulomb field is absorbed by either
the target or the projectile, resulting in its excitation, usu-
ally to a giant multipole resonance, which subsequently
deexcites by particle emission. Competing with ED is the
process of nuclear fragmentation which can also result in
the loss of one neutron. ED, which is an electromagnetic
process, can occur over a large range of impact parame-
ters, but nuclear fragmentation is limited by the short
range of the nuclear force.

ED cross sections have been calculated' from a vir-
tual photon spectrum obtained using the Weizsacker-
Williams procedure. Although agreement is satisfactory,
discrepancies for the largest crED values have been ob-
served. Recent calculations by Baur and Bertulani and

Mercier et al. indicate that, for the projectile energies of
100 GeV/nucleon expected for the planned RHIC
heavy-ion collider, the U on U (Ref. 6) and ' Au on

Au (Ref. 4) t«ED values could reach 40 and 24 barns, re-
spectively, for fixed targets.

Since it is not possible to experimentally check the
above predictions at the present time, we have en-
deavored to determine the Z dependence of the ED pro-
cess by extending our previous results to higher-Z projec-
tiles at Bevalac energies. We report in this paper detailed
results of measurements using 1.26 GeV/nucleon' La
projectiles on Co and ' Au targets. These results have
been reported in preliminary form orally and in a recent
letter. '

II. CALCULATION OF ELECTROMAGNETIC
DISSOCIATION CROSS SECTIONS

In order to calculate cross sections for the ED process
we form the product of the virtual photon spectrum
N«(E«) with that of the appropriate photonuclear cross
section o «(E«). This process is indicated for the
'9 Au(' 9La, X)'9 Au reaction in Fig. 1. In order to get
the ED cross section 0.

ED we integrate the above product:

crED JN«——(E«)o «(E«)dE« .
0

The o «(E«) used in our calculations for each of the tar-
gets is discussed in Sec. V A.

Two methods have been used for calculating N«(E«);
the Weizsacker-Williams (WW) method for virtual pho-
tons which assumes a point charge, and the method of
Jackie and Pilkuhn (JP) which assumes a Yukawa
charge distribution. In the case of projectile fragmenta-
tion, the JP method is quite insensitive to the charge dis-
tribution of the target. In this case, the results using a
Gaussian charge distribution and those using a point
charge were the same within the error of the measured
photonuclear cross sections. (See, for example, Fig. 3 in
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FIG. 1. Components necessary for calculation of the elec-

tromagnetic dissociation cross section o&D. (a) shows the

virtual-photon spectrum N~ for 1.26 GeV/nucleon "La projec-
tiles calculated using the Weizsacker-Williams method. (b)

shows the ' Au(y, n)' Au photonuclear cross section taken

from Ref. 28. (c) shows the product of (a) and (b) that is in-

tegrated to obtain o.FD. To obtain the correct o.&D the above in-

tegral must be multiplied by 0.93 as discussed in Sec. V A.

III. EXPERIMENTAL METHOD

A. Irradiation and counting procedures

The experimental methods employed are similar to
those used by us in earlier experiments and discussed in

detail in Ref. 4, but are briefly presented here. The bom-
bardments were carried out in the external beam at the
Lawrence Berkeley Laboratory (LBL) Bevalac accelera-
tor using 1.26 GeV/nucleon ' La projectiles. The tar-

Ref. 2.) Unfortunately, the difference in the JP and WW
calculations for a point charge differ by about 30%. This
problem associated with these two methods has been dis-
cussed in some detail. '

Many of the WW calculations of virtual photon spec-
tra used in the analysis of the ED effect have ignored con-
tributions due to multipoles other than E1. Goldberg'
has determined the virtual photon spectrum for RHI on
stationary targets for all multipoles. Contributions to ED
from M1 transitions are expected to be negligible, ' but
the contribution from E2 can be significant, since for
y=3ty=[1 —(v /c )] '

) the E2 virtual photon spec-
trum exceeds that for E1 by about a factor of 3. Gold-
berg found that for y =3 the ratio of E2 to E1 strengths
is 0.09 for U projectiles on a U target. Bertulani"
has calculated the ratio oaD(E2)/o. ~o(E1) for the cases
studied by us. In all cases the ratio is approximately 0.2
which is not negligible, but in our results the error only
comes in to the extent that the E2/E1 mixture is
different for real and virtual photons.

gets consisted of foils of the rnonoisotopic elements Co
and Au. Each target foil was placed between an Al foil
(0.038-mm thick) on the upstream side and a Mylar foil
(0.13-mm thick) on the downstream side. The Al foils
were used to obtain a transverse beam intensity profile by
counting Na, and the Mylar served as a rigid backing
for the target. Three different thicknesses of each target
foil were bombarded simultaneously in order to obtain
corrections for secondary reactions which are significant
for one-neutron removal processes.

In order to obtain a good beam calibration, a target
string was irradiated for 20 min and the beam intensity
was obtained by measuring the yield of "C in the
'2C(' 9La, X)"C reaction in a 0.159 cm polystyrene target
using a well-calibrated NaI(T1) y spectrometer. The
cross section for the ' C(' La,X)"C reaction was accu-
rately measured in a separate experiment. ' This thin po-
lystyrene target was positioned first in the target string to
minimize the production of "C from secondary products
produced in the other targets. Next in the string came
three metal targets of the same thicknesses as those used
for the main run. The last target in the string was a thick
5.08 cm polystyrene block in which the long-lived (53.3 d)
Be activity could be accurately measured and compared

to "C activity in the thin upstream poly-
styrene target. This procedure enabled us to transfer the
"C beam calibration function to thick-target Be activity,
thus providing a suitable absolute beam monitor for the
much longer main experimental runs. The last device in
the experimental array was an ion chamber which was
used to compare total beam on target during the short
and long runs, and measure fluctuations in beam intensity
that must be used to make corrections to the yield calcu-
lations.

Next, two long runs lasting 17 and 4 h for the ' Au
and Co targets, respectively, were carried out using new
target strings, but with identical target parameters. In
this run the metal targets were positioned first in the
string in order to minimize secondary reactions in the
metal. The metal targets increased in thickness as one
went downstream and were each separated by 25 cm to
minimize secondary reactions produced by cross talk be-
tween targets. The different thicknesses were used to
correct for secondary reactions within the target and
were 47, 113, and 227 mg/cm for Co and 49, 87, and
233 mg/cm for ' Au.

After irradiation all metal targets were shipped by air
to the Ames Laboratory at Iowa State University for
counting of the appropriate residual y-ray activities using
a low-energy photon spectrometer (LEPS) and two Ge
detectors calibrated for absolute efficiency using NBS
standard sources. The counting continued for periods as
long as one year with dead-time corrections of less than
0.2%. The decays of isotopes were followed in most
cases for several half-lives and corrections for interfering
activities were made. The decay curves were fit using
known half-lives and the appropriate yields were calculat-
ed using data from the thinnest target to minimize the
corrections due to secondary particles. Information on
beam intensity and target geometry was then included to
obtain cross sections for the reactions of interest.
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B. Corrections and error analysis

All targets were mounted on a 0.13 mm Mylar back-
ing. It was determined by counting several of the Mylar
backings after irradiation that loss of reaction products
out of the target due to recoil was negligible due to the
fact that relatively thick targets were used. Systematic
errors can arise due to the finite spread and nonuniformi-
ty of the beam intensity. The finite spread of the beam on
the target was determined by counting the Na activity
in a 0.038 mm Al foil on the upstream side of each of the
targets. After irradiation the Al foil was cut into a 1.3-
cm diameter central circle and three concentric rings of
successively 2.5, 3.8, and 5.1 cm in outer diameter and
counted. The information obtained was used to make
source geometry corrections for the counting of y rays
using Ge detectors. It was also necessary to make correc-
tions for geometry-dependent coincidence summing. In
order to make the above correction, total efficiencies of
our detectors were determined using Co, Hg, " Sn,

Sr, Mn, Zn, and Y sources.
Generally the most significant corrections were those

for production of a nuclide due to secondary reactions in
the target. For deep spallation products, these correc-
tions were negligible, but for the one-neutron removal
products (mass close to that of target nucleus) the typical
secondary reaction rate was several percent of the pri-
mary reaction rate. Secondary production from target-
like fragments due to cross talk between the targets was
negligible due to the fact that targets were separated by a
distance of 25 cm. In each case, three targets of succes-
sively larger thicknesses were simultaneously irradiated.
For corrections due to secondary particles absorbed by
the same target in which they were produced, we as-
sumed N(t)=at+bt where a and b are constants, and
N(t) gives the amount of activity produced as a function
of target thickness t. Parameter b would be 0 if secon-
dary processes were negligible. N(t) was measured for
each of the three targets. For a given thickness t the
secondary-to-primary ratio is bt /a.

C. Determination of cross sections

The experimental cross sections were determined from
the expression

z N( atoms/sec )M( g /mole )o cm f(proj/sec)p(g/cm )N, (atoms/mole)

The target density p was determined by weighting our 5.1

cm by 5.1 cm targets on an analytical balance, and the to-
tal beam flux f was determined from the "C and Be

measurements. X, the disintegration rate at saturation,
was determined from the y-ray count rate by

atoms
sec

counts
n

sec

n refers to counts per second at saturation and c., b, G,
and B represent absolute detector efficiency, y-ray
branching ratio, y-ray absorption in the target, and
correction for finite width of the irradiated spot, respec-
tively.

IV. CROSS-SECTION RESULTS

A. One-neutron removal cross sections

In what follows the term one-neutron removal refers to
processes in which one neutron but no protons are re-
moved from the target nucleus. The independent yield of

Co (T& &2
——70.82 d) was determined by following the de-

cay of the 811-keV y ray which is 99.5%%uo abundant. '

Both Ni and Fe are stable. The independent yield of
Au (T&i2 ——6. 183 d) was determined by measuring the

decay of the 333- and 355-keV y rays which are 22.9%
and 86.9% abundant, ' respectively. Both ' Hg and

Pt are stable. The experimental cross sections for the
one-neutron removal reactions are given in Table I.

B. Factorization and limiting fragmentation

In order to estimate the nuclear contribution to the to-
tal cross section, we make use of the concept of factoriza-
tion' of the nuclear cross section. This assumes
o z-z

——y z-yz, where F, T, and P indicate dependencies on
target fragment, target, and projectile, respectively. This
notation is similar to that of Heckman and Lindstrom'
but with the roles of P and T reversed. Factorization im-
plies that the yield of a particular fragment from the tar-
get due to nuclear interactions will be independent of the
beam except through the geometric factor y~. Thus, for
example, the ratio

a[' Au(' La, X)F;)/cr[' Au(p, X)F; ]

should have a constant value y„,"/y " for any fragment
F;. We also make use of the hypothesis of limiting frag-
mentation which states that for sufficiently high projectile
energies the cross section for production of the fragment
F, is independent of energy.

The concept of factorization has been tested for a

TABLE I. Cross sections for one-neutron removal reactions by ' La projectiles on Co and Au tar-
gets.

Reaction

' Co(' 9La, X)' Co
Au(' I a,X)' Au

Energy
(GeV/nucleon)

1.26
1.26

Total
beam intensity

(particles)

1.0X 10"
4.0X 10"

Cross section
(b)

0.45+0.03
2.13+0.12

% Correction
secondary
reactions
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FIG. 2. The experimentally determined ratio
0[' Co(" La, X)F;]/o[' Co(p, X)F;]. The solid horizontal line

indicates the weighted average for the above ratio using four
points ranging from Sc to Mn.

variety of targets using a number of relativistic heavy
ions. This includes low mass' Cu, intermediate mass, '

Ag, and high mass' Au targets. Factorization was found
to be approximately true. A more detailed discussion of
these results as applied to estimation of ED cross sections
is given in Ref. 4.

The concept of limiting fragmentation has been
thoroughly studied for Au target fragmentation by Kauf-
man and co-workers. ' They found that although the
formation cross section for ' Au by protons was essen-
tially independent of energy above 200 MeV, limiting
fragmentation applied' ' for deep spallation products
only after the proton energy was higher than 10 GeV.
The similarity in the shape of the o (RHI)/a (p) curves
for 4.8 and 25 GeV ' C projectiles' gives one confidence
that limiting fragmentation is approximately valid for 2.1

GeV/nucleon ' C, at least in the range 60 & A & 190. We
thus assume limiting fragmentation to be a valid concept
for the RHI used in this experiment.

We estimate the nuclear part of the one-neutron remo-
val channel from ratios such as

cr[' Au(' La, X)F, ]/cr [' Au(p, X)F; ]

as a function of the fragment mass. Since the limiting
fragmentation region for protons is not reached for deep
spallation products at least until 10 GeV, as discussed
above, we used the proton cross sections measured by us
at 28 GeV which are consistent with the measurements
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FIG. 3. The experimentally determined ratio
o [' Au(' La,X)F;]/o [' Au(p, X)F;]. The solid horizontal
line indicates the weighted average for the above ratio using 11
points from "Zr to '"Pt. The above ratio for "Au is about 34
and is thus shown at —,

' its actual size.

by Kaufman et al. at 11.5 and 300 GeV. If we assume,
for example, factorization for the nuclear part of the

Au(' La, X)'9 Au cross section, then

139

0„„„( La, Au) =
cr p, F(

o(p, '9sAu) .
ave

C. Results for nuclear contribution
to one-neutron removal cross sections

For the Co targets the ratio

o [ Co(' La, X)F, )/rr[ Co(p, X)F, ]

is plotted in Fig. 2. The ratios were determined for seven
fragments in the mass range from Sc to Co. As can be
seen from Fig. 2, factorization is valid in the mass range
from A =44 to 52. The fragments Co and Co are
enhanced due to ED and we do not use Co in the above
average for the same reason. The average ratio was
determined as a weighted average of four individual frag-
ment ratios with A between 44 and 52. The average ratio
along with an estimate of the "nuclear" cross section for
production of Co is given in Table II. The uncertainty
of the average ratio includes both statistical factors, un-
certainties due to the deviation of the data from strict

TABLE II. Nuclear cross sections for one-neutron out products from Co and Au targets.

Reaction

"Co("La,X)F;
' 'Au(' La, X)F;

Number

of ratios

4
11

Ratio mass

range (A)

44—52
89-188

o[T(" La, X)F;]
cr[T(p,X)F;]

4.54+0.50
2.55+0.45

Nuclear cross section

section

0.177+0.022
0.16+0.03

'T refers to the target nucleus.
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factorization, and uncertainties in the "C monitor cross
sections.

For the ' Au targets the ratio

o [' Au(' La, X)F, ) lo [' Au(p, X)F; ]

is plotted in Fig. 3. The ratios were determined for 13
fragments in the mass range from Na to ' Au. The
figure shows that factorization is approximately valid be-
tween A =89 and 188. The Na is enhanced for RHI
due to central collisions and the ' Au ratio is strongly
enhanced due to ED. (For the Co targets it was not
possible to obtain a cross section for Na due to the low
intensity of the ' La beam. ) The average ratio with an
estimate of the "nuclear" cross section for production of

Au is given in Table II.

V. ELECTROMAGNETIC DISSOCIATION
CROSS SECTIONS FOR ONE-NEUTRON

REMOVAL PROCESSES

A. The calculated cross section

The Weizsacker-Williams method for virtual photons
was used to calculate the electromagnetic-dissociation
portion of the appropriate one-neutron removal cross sec-
tions using a modification of a computer code of Cook. '

The procedure and its limitations have been discussed in
Sec. II of this paper. The only adjustable parameter in
the calculation is the minimum impact parameter b;„.
Rather than letting it vary arbitrarily we have chosen it
to be of the form

b, =r, [A,'"+A,'"—X( A,
—'"+A,-'")]

suggested by Vary, where the A's refer to the projectile
and target, respectively. b, can be visualized as a radius
characterizing the range of the short-range nuclear force.
Outside of this range, nuclear processes are assumed to
be very unlikely, whereas for impact parameters less than
b, nuclear interactions are assumed to dominate. We
thus used b, as a lower limit for the ED process.

In the expression for b„ the term ro( A '~ + 3,'~ ) can
be thought of as a "touching radius" for the two nuclei.
The term X(A '~ +A, '~

) is a curvature correction.
The constants ro and X were determined to be 1.34 and
0.75 fm, respectively. The functional form of b, is sug-
gested from Glauber theory and the values for ro and X
were from fits to nucleon-nucleus and nucleus-nucleus
calculations and densities from electron scattering
data. The constants ro and X were reevaluated using
the recent compilation of DeVries, DeJager, and
DeVries of nuclear charge radii. For nuclei relevant to

this work the new charge radii differed from the old
values by 0.05 fm or less in a random manner. Changes
in ro of 0.1 fm or less cause changes in the calculated o ED
that are 20 mb or less and thus small compared to the ex-
perimental o.ED errors.

The photonuclear cross section Co(y, n ) Co used for
the Co targets was that measured by Alvarez et al.
The photonuclear cross section ' Au(y, n )' Au used for
the ' Au targets was that given by Veyssiere et al. but
multiplied by a factor of 0.93 to conform to recent remea-
surements by Berman et al. Thus the calculated o ED's

reported by us for ' Au targets in earlier work ' should
be multiplied by 0.93.

B. Measured ED cross section

We define the measured" ED cross section to be the
one-neutron removal cross section measured in this ex-
periment minus the empirically determined nuclear cross
section for the one-neutron removal process described in
Sec. IV. The results are given in Table III. The uncer-
tainties for the measured ED cross sections include un-
certainties from both the total and nuclear cross sections.
The results presented in this work for ' La projectiles
are combined with the earlier results for ' C through Fe
projectiles in Fig. 4 (for Co targets) and Fig. 5 (for

Au targets). The measured total cross section, empiri-
cally derived nuclear cross section, calculated ED cross
section, and the measured ED cross section for one-
neutron out processes in Co and ' Au are plotted as a
function of projectile Z in Figs. 4 and 5. The calculated
crED's have been generated using the factor of 0.93 sug-
gested for the ' Au targets.

VI. DISCUSSION

We report here the observation of electromagnetic dis-
sociation in target fragmentation of light ( Co) and
heavy (' Au) nuclei by relativistic ' La projectiles. The
effect was observed for the reaction in which one neutron
was removed from the target nucleus. The ED effect can
be seen to increase both with the Z of the projectile and
the Z of the target and becomes quite large (almost 2
barns) for the ' Au( ' La, X )

' Au reaction. The one-
neutron removal cross sections can be described by an
empirically determined nuclear part which uses the con-
cept of factorization plus an ED part which uses a virtual
photon spectrum determined by the Weizsacker-Williams
method folded in with the appropriate measured pho-
tonuclear (y, n) cross section. Good agreement is gen-
erally observed between the calculated and measured ED
cross sections but the calculated value lies higher than

TABLE III. ED cross sections for one-neutron removal reactions by ' La projectiles on Co and Au
targets.

Reaction
Energy

(GeV/nucleon)
Total o

(b)

Nuclear o.

(b)

Measured oED Calculated o.ED

(b) (b)

Co(' La X) Co
' 'Au(" La,X)' Au

1.26
1.26

0.45+0.03
2.13+0.12

0.177+0.022
0.16+0.03

0.28+0.04
1.97+0.13

0.43
2.34
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FIG. 4. Various cross sections for the "Co(RHIQ) "Co reac-
tion as a function of projectile charge. The cross sections are
measured total ()&), empirical nuclear (), calculated ED (0),
and measured ED (+).

the experimental Co and ' Au points give b =1.48 and
1.46, respectively. The standard deviations are 3.4 and
13.6 mb, respectively for the Co and ' Au experimental
points indicating a surprisingly good fit to this empirical
power-law form for O.ED. For the ' Au data, the fit to b
of 1.46 is consistent with the fit obtained earlier without
the ' La projectile data, adding strength to our earlier
more speculative assertion that deviations from the WW
calculations occur.

Calculations ' using the WW method indicate that ED
cross sections can become very large for high-Z projec-
tiles at ultrarelativistic energies. It is now possible to test
ED effects at Bevalac energies using U projectiles. In
Fig. 6 points representing the calculated one-neutron re-
moval ED cross section for 0.96 GeV/nucleon U pro-
jectiles on Co and ' Au targets are shown. These WW
predictions are lower than our extrapolations from
lower-mass projectiles due to the lower energy per nu-
cleon available for U. The calculation for a ' Au tar-
get gives 4.8b whereas extrapolation of our empirical
power-law fits would give a maximum of 3.8b. Further-
more, one could anticipate an even lower value due to the
lower energy per nucleon for U.

This work implies that the ED cross section increases

the measured results for the heaviest ( Fe and ' La) pro-
jectiles.

In order to clarify the Z dependence of the ED cross
sections, we present in Fig. 6 the measured and calculat-
ed +ED values on a log-log plot as a function of Z . If
one assumes a simple power-law fit of the form 0'=cT &Z&,

least-squares fits to the calculated Co and ' Au points
give b =1.73 and 1.80, respectively. Least-squares fits to
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FIG. 5. Various cross sections for the ' Au(RHI+)' Au re-
action as a function of projectile charge. The cross sections are
measured total (&(), empirical nuclear (0), calculated ED (0),
and measured ED (+). For some empirical nuclear cross sec-
tions the errors are less than the width of the circles.

10'
10

C Ne Ar Fe Lo U
)( I( )( J(

I I I I III I I I !IIII
10 10

Z (proj )

FIG. 6. ED cross sections for the ' Au(RHI, X)' Au (upper
curves) and ' Co(RHI+)' Co (lower curves). The )&'s are mea-
sured points and circles are results of the %'%' calculation. The"La points are from this work and the other points are from
previous work (Ref. 4). The empirical fits to both the calculated
(0) and measured (X) values are of the form o.=o.&Z~ and are
discussed in detail in the text.
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with projectile charge less rapidly than predicted by the
WW calculation. Reasonable adjustments of the parame-
ters ro and X in the minimum impact parameter bc
change the magnitude of the ED cross sections but do not
change significantly the slope of the curves in Fig. 6. A
number of mechanisms can be considered in attempting
to explain any deviations of the calculated ED cross sec-
tions from experiment for high-Z projectiles. Interfer-
ence between Coulomb and nuclear processes would be
expected to be small, since the nuclear effect is a small
percentage of the total for high-Z projectiles. It is ex-
pected that interference between one and higher-order
photon emission would also be small since it has been es-
timated that high-order photon emission is less than
10% of the one photon emission process. Another possi-
bility is the fact that the multipole mixture is different for
real and virtual photons. This effect could be investigat-
ed by measuring ED cross sections at energies less than 1

GeV/nucleon since this should enhance the contribution
of the lower-energy E2 giant resonance relative to the E1
resonance. It will be interesting to see if the deviations
between theory and experiment implied in this work can
be confirmed by experiments with relativistic U beams.

At the energy of 100 GeV/nucleon planned for the
RHIC collider, our WW calculation indicates that the
ED cross section for the ' Au(' Au+)' Au reaction
reaches 22b for stationary targets and 56b for colliding

beams. These cross sections are much larger than the to-
tal hadronic cross section of about 6b. Such large total
cross sections, if they exist, will impose constraints on the
storage times for ultrarelativistic heavy ion beams ' in
colliders.

To summarize, we have extended measurements of ED
cross sections for one-neutron removal from Co and

Au targets in projectile Z up to ' La projectiles. The
WW calculations correctly predict the increase of the ED
cross sections with both projectile and target Z, but ap-
pear to overestimate the cross section for high-Z projec-
tiles. Large ED cross sections are predicted for the ul-
trarelativistic high-Z beams planned for future colliders
but extrapolation of the presently available results to the
above regime is risky. Measurements for the highest-Z
projectiles at energies above 2 GeV/nucleon would be
very illuminating.
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