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ABSTRACT

Excitation functions have been measured for isotopes of Bk,
Ct, Es, and Fm produced from the interactions of 207- to 286-MeV
40Ar ions with 248cm. The measured isotopic distributions were
found to be essentially symmetric with full-widths-at-half-
maximum between 2.0 and 3.5 mass units.  These results are
‘comparable to those obtained in previous studies using 40,44,48¢c4
with 248cm. The maxima of the isotopic distributions from - the
40pr-248¢cq. system show shifts, to both heavier and lighter mass
numbers, of O to 2 mass units relative to the corresponding
maxima of the isotopic distributions from the 40.44,48c5-248¢cp,

NUCLEAR REACTIONS 248¢cm(40ar,x), E(40Ar) = 207, 225, 245, 266
and 286 MeV; Excitation functions and isotopic distributions
were measured for Z = 97-100. '
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I. INTRODUCTION

Transfer reactions, discovered by Kaufman and Wolfgang in
the early‘1960's,1 are a group of nuclear interactions in which a
small number of nucleons are exchanged between two nuclei.
Complete fusion does not take place since these reactions occur
at rather large impact parameters. The projectile-like product
can carry off a large fraction of the kinetic energy and angular
momentum, thus leaving the target-like product "cold." Because of
this fact, transfer reactions involving actinide targets and
heavy ions have been found to be useful for producing neutron-
rich actinide products with little excitation energy.

Since the availability of large quantities of 248cm, this
nuclide has become a popular target for many different transfer
reaction studies. 248Ccm is an attractive target material for
many reasons including high neutron to proton ratio, 1long half
life, and its availability in nearly isotopically pure milligram
quantities.?2 Actinide production studies using 248cCm with
various projectiles ranging from 13C to 238U have been performed
in order to gain some insight into the reaction mechanism(s)
involved.3-11 In an attempt to study the influence of an
additional pair of neutrons in the projectile on the actinide
production cross sections, Lee et al.® bombarded 248cym with the
projectile pairs 16:180 and 20:22Ne. It was found that as the
number of neutrons in the projectile was increased by 2, the
corresponding maxima o¢f the mass-yield curves for the above
target elements (Zproduct > Ztarget) wWere increased by about 2
mass units. Hence, the neutron-rich projectile of each pair
enhanced the neutron rich actinide production.

Experiments using the projectiles 40:48Ca were performed to
see what the effect of the 8 neutron excess of 48Ca relative to
40ca would have on the final actinide production distribution.3
Shifts to heavier masses of only 2-3 units in the mass-yield
curves for the elements Bk, Cf, Es, and Fm were observed between
the 40ca and 48ca systems. The 8 neutron excess of 48Ca relative
to 40ca did not increase the maxima of the isotopic distributions
by 8 mass units and hence had only a partial effect on the final
isotopic distributions of the above target products.

In order to further study the effect of the neutron number

of the projectile on the final isotopic distributions in
reactions involving 248cm in more detail, 44Ca was employed as a
projectile.4 For this system, increases in the mass number of

the maxima of the isotopic distributions of only 0-2 mass units



relative to the maxima for 40ca reactions were observed. All of
the maxima from the 44ca system fell between the corresponding
maxima from the 40ca and 48ca systems.

Welch et al.? observed in the 129,132,136xe systems that the
peaks in the <cross section distributions for Fm, Bk, and Pu
shifted to higher mass numbers as the projectile mass number
increased. Shifts in the Cf and Es peaks could not be verified
because of insufficient data. Howevef,-production cross sections
for the most neutron-rich above target nuclides were found to be
independent of the projectile mass. )

As part of our effort to obtain a better understanding of
binary transfer reactions we are systematically studying
actinide production cross sections from the interactions of heavy
jons with actinide targets. In the present study 40Ar was used
as the projectile with a 248cnm target. 40ar was chosen because
it has a neutron to proton ratio (N/Z) of 1.22 which lies between
the 48ca and - 40ca neutron to proton ratios of 1.40 and 1.00
respectively, and it has the same mass - number as 40ca. In
addition, 40Ar has a neutron to proton ratio that is quite
similar to the 1.20 ratio of 44ca. The neutron to proton ratios
for various projectiles are shown in Table T. ‘

II. EXPERIMENTAL

All of the irradiations of 248Cm were performed at the 88-
Inch CYclotron_ at the Lawrence Berkeley Laboratory with 207-,
225-, 245-, 266~, and 286-MeV 40Ar ions. All energies have been
corrected for the appropriate energy loss in our target system
and represent the average energy of the ions in the target in the
laboratory frame of reference. The 40Ar beam, after being
collimated by a water cooled graphite collimator, passed through
a 1.8 mg/cm? Havar isolation foil, 0.2 mg/cm2 nitrogen cooling
gas, 2.75 mg/cm? Be backing foil and finally the target material.
The target consisted of 0.491 mg/cm?2 248cm (96.5% 248cm; 3.5%
246cm) in the form of Cmy03 electrodeposited on the Be backing.
The recoiling reaction products were stopped in 12.26 mg/cm2 Au
catcher foils. A schematic diagram of the target system is shown
in Fig. 1. : . :

The Au catcher foils were dissolved in approximately 0.25 ml
of aqua regia containing a known amount of 24lam tracer. An
ether extraction was performed on this solution to remove about
95% of the gold.l2 The aqueous phase was passed through a 3-mm



diameter by 10-mm long column of Bio Rad AG-1, X-8 anion exchange
resin in 12M HCl. The remaining gold was adsorbed on the resin
while the trivalent actinides passed through. This effluent was
evaporated to dryness and fumed twice with concentrated
perchloric acid to remove any organic residue. The remaining
activity was picked up 1in 0.5 M HCl and sorbed on a 2-mm
diameter by 50-mm long column of Dowex-50, X-12 cation exchange
resin (7-10 wum) kept at 80° C. The trivalent actinides were
eluted from the column in separate fractions using 0.5 M ammonium
alpha-hydroxyisobutyrate (oa—-HIB) at a pH of 3.80. The chemical
yields for the trivalent actinides were determined from the 241lanp
tracer. The average time for the chemical separations was 2.0
hours. A chemistry flowchart is presented in Figure 2.

The isolated Bk fractions were counted using Ge(Li) or
high-purity Ge gamma-ray spectrometer systems. The Cf and Fm
fractions were assayed with a fission-alpha spectrometer system
utilizing Si(Au) surface barrier detectors. The Es samples were
assayed for gamma, alpha and spontaneous fission activities
simultaneously by mounting the isolated samples in a vacuum
chamber which contained a Si(Au) surface barrier detector. This
chamber was then positioned next to a Ge(Li) gamma-ray detector.
Samples were continuously counted for 4 weeks after the end of
bombardment and then at appropriate intervals so that unambiguous
nuclide identification could be established.

Alpha spectra were integrated using a simple computer code.
Gamma~-ray spectra were analyzed with the saMpol3  code. Decay
curve analyses were performed with the EXFIT14 and CLSQ15
computer codes. The activities at the end of bombardment were
extrapolated from the decay curve fits. Activities at end of
bombardment, detector efficiencies, nuclide half-lives, chemical
yields, number of target atoms per square centimeter, and the
beam intensities as a function of time were used to determine the
cross sections for the various transfer products. In each
experiment it was assumed that 100% of the transfer products of
interest recoiled out of the target and into the Au catcher foil.
A standard deviation of 12%, as described before,® on the
calculated absolute cross sections is estimated. This is in
addition to the statistical standard deviations in the data and
decay curve analyses. '
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ITII. RESULTS AND DISCUSSION

. The cross sections obtained in these experiments are
summarized in Table II. Appropriate corrections to the measured

. activities of the daughters have been made for the contributions

from the decay of the parent nuclides. Since the absolute
abundance of the 217.6-keV gamma-ray is not known, the cross
sections presented here for 244Bk are lower limits based upon the
assumption that the 217.6-keV line has an abundance of 100%. The
cross sections for 290Es are the sum of the cross sections for
the 6% (8.6 h) and 1~ (2.1 h) isomers. ‘

A. Excitation functions

Excitation functions for the production of above target
elements for the 40ar system are shown in Figs. 3-6.
Theoretically, for the capture of charged particles, the cross
section should increase with increasing bombarding energy of the

projectile since the maximum impact parameter, by, for such

processes goes as
bp = R(1 - Vo/e)1/2

where R is the interaction radius, Vs is the Coulomb barrier
between the target and the projectile, 'and ¢ is the kinetic
energy of the projectile. This function increases with ¢ until
it asymptotically approaches R at high e¢. However, as more energy
is deposited in the system, the probability for particle emission
and/or fission increases. Hence, at some higher energy the
decrease in yield due to particle emission and fission should be
greater than the increase resulting from the higher bombarding
energy. As a result the net production cross section for a given
nuclide decreases.

1. Excitation energies

Excitation energies at the Coulomb barrier for the various
target-like fragments and projectile-like fragments have been
calculated for both the 40Ar and 44ca systems and are shown in
Tables III and IV respectively. These excitation energies are
based upon the Coulomb barriers in the entrance and exit channels
and ground state Q values.1l® For those reactions with negative
excitation energies, a maximum in the excitation function should



be reached at some energy above the Coulomb barrier and then a
decrease should be observed at higher energies. Reaction
channels with positive reaction energies comparable to the
neutron binding energies or the fission barriers should have
excitation functions which are near their maxima at the Coulomb
barrier and decrease with increasing projectile energy.

2. Excitation functions for Bk isotopes

Excitation functions for the Bk isotopes 244, 245, 246,
248m, and 250 are shown in Fig. 3. The shapes of the functions
are consistent with the calculated excitation energies. It is
expected that the production c¢ross section will be highest for
the isotope requiring the exchange of the fewest nucleons,
provided Eyx is positive, but not large enough to cause fission or
neutron emission. Based on the data in Table III, 249Bkx should
have the largest production cross section since it can be formed
by the transfer of the fewest nucleons, only one proton, and Ey
is positive. 249k was not measured since it is used as a tracer
in our laboratory:; therefore, an accurate cross section for this
nuclide could not be determined. 248mgx has the highest
production cross section with 220Bk having the next highest,
followed by 246Bk, 245k and finally 244Bk. All of the Bk
isotopes require the transfer of 1 proton from the projectile to
the target along with the exchange of various numbers of
neutrons. ‘For example 248mpy requires the exchange of only 1
neutron whereas 244k requires a 5 neutron transfer.

3. Excitation functions for Cf isotopes

The excitation functions measured for the Cf isotopes -are
shown in Fig. 4. These are all similar in shape showing an
increase by a factor of 2.5 when the bombarding energy is
increased by 18 MeV, then they level off for the next 41 MeV and
finally decrease by a factor of 2.5 over the next 20 MeV. The
highest cross sections occur for 250Cf which results from the
transfer of only 2 nucleons (2 protons), the fewest possible, and
the lowest cross section occurs for 254Cf which results from the
transfer of 6 nucleons (2 protons and 4 neutrons).

4. Excitation functions for Es isotopes

Excitation functions for the Es isotopes 250-255 are plotted
in Fig. 5. Again the shapes of the functions are consistent with

:
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the calculated excitation energies, and again the highest cross
section occurs for 251Egs resulting from the transfer of the
fewest number of nucleons, in this case 3 protons. A decrease in

‘the production cross sections is seen as the number of nucleons

transferred increases.
5. Excitation functions for Fm isotope

v Excitation functions for isotopes of Fm are shown in Fig. 6.
The curves are all similar in shape and are consistent with their
calculated positive excitation energies. The fewest number of
nucleons which can be transferred to make a Fm isotope is 4, and

~indeed, 252Fm is the highest cross section. The cross sections
decrease as the number of nucleons transferred increases with

252Fm having the 1largest cross section and 255Fm  having the
smallest. ' '

B. Calculation of Fg
} An estimate of the fraction, F¢, of the projectile kinetic
energy transformed into target-like fragment excitation energy
was attempted using the equation

Ft = (Ef n - Ex)/(Ey-Ep)

where Ef p 1is the height of the fissionl7:18 barrier or the

neutron binding energy in MeV whichever is lower, Ex 1s the
excitation energy- described earlier, EM 1s the maximum in the
experimental excitation functions, and Eg 1is the calculated

.Coulomb barrier. This formula assumes that the maximum in the

excitation function occurs when the product excitation energy is
comparable to the fission barrier or neutron binding energy.
Fy's for the 40pr system are shown in Table V and for the - 44ca
system in Table viio, 1t should be noted that the Cf excitation
functions are relatively flat; therefore, the Ep's for these
isotopes were difficult to locate thus affecting the Fy values.
The Ft's range in value from 0.02 to 0.34, with average values of

~0.16, 0.14, 0.18, and 0.19 for the Bk, Cf, Es, and Fm isotopes

respectively for the 40Ar system. F¢ values for the 44ca system

" were found to be ‘approximately 0.01 to 0.63 with average values

of <0.03, 0.22, 0.24, and 0.14 for the Bk, Cf, Es, and Fm
isotopes respectively. As can be seen, the average Ft's
generally increase in going from Bk to Fm. There are, however, a
couple of exceptions. In the 40Ar system, Cf does not follow the



trend, whereas in the 44ca system Fm is the exception. E¢, the
fraction of energy transferred assuming energy transfer is
proportional to mass transfer, is also shown in Tables V and VI.

Et, which can appear as excitation energy of the heavy product,’

was calculated using the formula
Exr = M/A

where M is the number of nucleons transferred and A is the mass
number of the projectile. No correlation was found between F¢
and E¢ for a given nuclide; however, in general, Et is less than
Ft indicating that the fraction of energy transferred is g¢reater
than the fraction of mass transferred. Lee et al. also found
this to be the case for the 180-248cm and 180-249cf systems?
where the average Fi value was approximately 0.5. The calculated
Ft values for the 40pr system are expected to be smaller than

those from the 180 systems if the energy transferred is

proportional to the fraction of mass transferred.
C. Isotopic distributions
1. General features

Isotopic distributions for Bk, Cf, Es, and Fm from the
interactions of 245-MeV 40Ar ions with 248Cm are plotted in Fig.
7. The 1lines connecting the experimental points are included
only to aid the eye. The maxima of the mass-yield curves for the
40ar system occur at'248mBk, 250Cf,v251Es, and less than or equal
to 252Fm, exactly the same as for the 44ca system (See Fig. 8).
Since the cross sections for the neutron-deficient Fm isotopes
were not measured, the peaks of the mass distributions for the Fm
isotopes of the 40ar and 44ca systems cannot be located with
certainty. However it can be said that the peaks occur at a mass
number of 252 or less. For both the 40Ar and 44ca systems, the
measured 1isotopic distributions are essentially symmetric with
full-widths at half—maximgm (FWHM) of 1.5-3.25 mass units for the
40pr system and 2.0-3.5 mass units for the 44ca system. For the
40ca system, the maxima of the mass-yield curves occur at 247Bk,
248cry, 248gg, and 250Fn. The shapes of the isotopic
distributions from this system are all very similar with FWHM's
of about 2.5 mass numbers. Values of 2.5 and 3.0 mass units have
been reported previously for the 48Ca system3 and the 238y
system® respectively. The final isotopic distributions for Bk,
Cf, Es, and Fm produced from the interactions of wvarious heavy

I
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ions (HI) on 248cm are shown in Figs. 9-12.
2. Comparison of the 40Ar and 44ca systems
The peak production cross section for the Bk .mass—yield

curve is about thirty percent larger for the 40py system than
for the 44ca system. However, the widths of the peaks are

éssentially the same. In addition, the cross sections for the

neutron-deficient Bk isbtopes (244,245Bk) are about the same for
the two systems but the 40y gives higher yields for the neutron-
rich Bk isotopes. The mass-yield curves for the Cf isotopes of
the 2 systems are almost identical both in magnitude and in
width. However, a significant difference occurs in the mass yield
curves for the Es isotopes for the two systems. The peak cross
section of the Es mass yield curve for the 407y system 1is a
factor of 3.5 higher than the peak from the 44ca system. . This
difference might possibly be due to the calculated excitation
energies being more negative for the 44ca system than for the
40apr system. The width of the Es peak from the 40aAr is much
narrower than the peak from the 44ca with FWHM's of 1.5 and 2
mass units respectively. The yields for the neutron-rich Es
isotopes are also larger for the 40ar system. v .

The isotopic distributions for the Fm isotopes have similar
shapes for the 2 systems. However, the FWHM's cannot be
determined for these curves because of the absence of data for
the the neutron-deficient Fm isotopes. Once again the 407y
system has larger cross sections for the neutron-rich Fm
isotopes. ' '

3. Comparison of the 40Ar system
with other heavy ion systems

The peaks of the mass distributions for various projectiles
on 248Ccm targets are shown in Table I. For the Bk curves, four
of the six peaks occur at 248mpkx., However, for 180 and 132xe the
maxima occur at 250Bk and 249Bk respectively. As stated in
Section A.2, the peaks of the distributions should occur at the

‘nuclide which results from the fewest number of nucleons

transferred for which Ey is positive. For the Bk isotopes, 249pg
requires the transfer of only one nucleon, hence if Ey 1is
positive for this nuclide the peak should occur here. Ex 1is
positive for the 40ca, 44ca, and 40ar systems for <2498k,
For these systems, cross sections were not measured for 249Bk;
however, from the_systematics of the cross sections of the other



Bk isotopes it was determined that the peaks occur at 248mBk for
‘these systems. [Ey is slightly negative for the 180 and 132xe
systems so one would not expect the maxima to be at 249Bk for
these systemns.

In five out of the six cases, the maxima of the Cf
distributions occur at 250Ccf, the Cf isotope which results from
the transfer of the'fewest possible number of nucleons. 40ca is
the exception with the maximum occurring at 248Cf. Ey is positive
for 250¢f for the 40ca, 44Ca, 40py, 180, and 132xe systems.
However, it is negative for the 48Ca system as are all of the
Ex's for the Cf isotopes produced in the 48ca system.

251Es, the Es isotope produced from the transfer of the
fewest number of nucleons, is the maximum for the 44ca, 40Ar, and
132xe systems. Ex is positive for these except in the case of
132xe where it is only -0.02. Since the Ex's are based upon mass
excess values thelir accuracy cannot be expected to be better than
0.5 MeV. For the 40ca system the Ex's are all positive and the
maximum occurs at 290Es. For the 180 system, however, the
maximum occurs at 253Es which in this case corresponds to the
nuclide which has the fewest number of nucleons transferred for
which Eyx is positive. The 48Ca system, which has negative Eyx's
for all of the Es isotopes, has its maximum at 253Es.

The fewest number of nucleons which <can be transferred
in order to make a Fm isotope is four protons, which .would
produce 252Fm. Due to insufficient data as stated in C.1, the
peaks of the mass distribution for the 44ca and the 40ar systems
for the Fm isotopes cannot be located. However, in both cases,
Ex's are positive for 252Fm. The peak of the 40cq system, with
all positive Ey values, is 251Fm. The peak of the mass
distribution for the 180 system occurs at 294Fm. Again, this is
the nuclide resulting from the transfer of the fewest number of
nucleons for which Eyx is positive. In the 48ca system, where the
Ex values are all negative, the maximum is at 255fn. Finally,
132Xe has its maximum at 253Fm with an Ex of 0.20.

10



IV. SUMMARY

From the results of this study the following conclusions can
be made:

1. The cross sections generally decrease as the number of
nucleons transferred increases.

2. The shapes of the excitation functions for the 40Ar and
44ca systems are consistent with their calculated excitation
energies. ' ' ' \

3. For both the 40aAr and 44ca systems, the maxima of the
isotopic distributions generally occur for those reaction
channels which involve the apparent exchange of the fewest number
of nucleons for which Ex is a positive quantity. The maxima of
the isotopic distributions of the 40ca system, however, are an
exception to this behavior. Deviations such as these indicate
that factors other than Eyx might also be influencing the final
production cross section distributions such as Z/A equilibration.

4. 40ar, which is more neutron-rich than 44ca, enhances the
production of neutron-rich actinide products relative to 44ca.
This is in agreement with previous studies in which it was shown
that the neutron-rich projectiles enhance the formation of
neutron-rich actinide products.

5. It appears that most of the data can be explained by a

binary-type transfer mechanism in which the projectile transfers
relatively little excitation energy to the target-like product.

11
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Table I. Neutron to proton :atios and peaks of mass
distributions for various projectiles on 248cCn targets.

Projectile N/Z Peak of Mass Distributions
Bk Cf "Es Fm
40ca 1.00 248 248 250 251
44ca 1.20 248 250 251 <252
40py . 1.22 - 248 250 251 <252
180 1.25 250 250 253 254
48¢ca 1.40 248 250 252 255

132xe 1.44 249 250 251 253

15
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Table II.

Cross sections from bombardments of

248 40
Cm with Ar.

207 MeV 225 MeV 245 MeV 266 MeV 286 MeV
Cross Cross Cross Cross Cross
Section S Section s Section S Section s Section s
Nuclide (ub) (%) (ub) (%) | (ub) (%) | (ub) (%) | (ub) (%)

Bk 244 4.20 20 14.5 2.7 19.5 4.7 8.53 11 6.62 52
245 84.8 4.5 299 2.0 414 2.3 293 1.9 126 2.7
246 342 1.3 1115 1.3 1400 1.5 1115 21 540 5.6
248m 907 6.0 3080 11.3 4210 11 | 3900 37 2010 22
250 311 1.8 1080 1.4 1670 1.7 1660 1.3 1200 1.5

251 64.8 3.9 27.5 7.9 350 25 240 15 100 11

Cf 246 19.2 0.6 64.0 0.4 77.2 0.5 169.0 0.3 3.26 4.9
248 449 0.9 1320 0.6 1630 04 1560 0.7 925 0.3

250 2100 0.7 5160 0.5 5920 0.7 7600 0.5 3970 0.6

252 301 0.9 755 0.7 955 0.8 852 3.5 303 6.9

253 4.58 1.8 15.7 1.2 171 1.5 14.9 1.5 7.07 1.7
254 0.46 3.8 1.22 2.9 1.42 3.6 1.16 3.2 048 4.5

Es 250 54.0 15. 127 65 230 10 81.0 22 25.0 18
251 17.0 15 472 3.5 900 15 430 26 150 20
252 76.3 7.9 179 6.2 287 21 74.9 22 19.5 50
253 - 17.5 1.9 37.7 1.7 41.6 8.3 17.1 55 7.5 12
254m 1.19 1.9 3.63 1.3 4.04 2.1 1.36 23 0.56 3.5

255 0.07 14 0.11 25 0.23 18 0.16 19 0.03 54

Fm 252 - 719 8.6 18.4 5.0 16.4 5.1 7.71 7.2 2.28 1.9
253 6.58 9.9 16.8 0.8 9.70 9.6 5.20 6.0 2.29 5.7
254 6.14 1.8 6.58 1.4 518 2.9 2.55 4.2 0.73 5.6
255 2.40 23 4.43 3.2 3.41 25 0.89 63 0.42 51
256 0.34 4.9 0.46 3.3 0.59 6.6 0.19 12 0.03 21
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Table TII. Calculated excitation energies for  above target
actinide products for reactions of 40Ar with 248cm. M is the
total number of nucleons transferred. '

Nuclide M Ex Nuclide M Ex

(MeV) : * (MeV)
244py 6 0.05 246¢ct 6 1.72
245y 5 3.01 247ct 5 1.35
246pk 4 1.26 248¢sr 4 4.16
247y 3 2.92 249ct '3 2.10
248py 2 -0.16 250cft 2 4.16
249pk 1 0.24 251cs .3 "0.88
250k 2 -3.23 252ct 4 2.37
251k 3 -3.16 253cs -5 -3.12
' 254cst 6 -4.47
249gg 5 -1.26 251Fp 5 -3.08
250gg 4 -1.36 252Fn 4 1.42
251gg 3 ‘1.39 253Fm -5 0.88
252gs 4 0.04 254Fn 6 4.18
253gs 5 2.10 255Fm 7 1.23
254gg 6 -1.67 - 256Fp '8 2.69
- 255gg 7 -2.28
256Egg 8 -7.84
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Table 1IV. Calchlated excitation energies for above target
actinide products for reactions of 44Ca with 248cm. M is the
total number of nucleons transferred.

Nuclide M Ex Nuclide M Ex
(MeV) {MeV)
244pk 6 6.76 246¢cf 6 8.39
245pxk 5 8.78 247ct 5 5.93
246pk 4 5.50 248ct 4 7.16
247k 3 5.39 249cft 3 4.07
248k 2 1.38 250ct 2 4.72
249pk 1 0.32  251cf 3 0.06
250Bk .2 -4.70 252¢sr 4 -0.23
251k 3 -6.03 253cst 5 -5.67
254cr 6 -6.61
249gs 5 2.26 251Fnm 5 0.41
250gs 4 1.19 252Fn 4 3.36
251Egs 3 2.49 253Fm 5 1.25
252gs 4 -0.47  254Fn 6 '3.22
253gs 5 -0.31 255Fnm 7 0.01
254gg 6 -3.67 256Fn 8 1.72
255gg 7 -4.09
256gqg 8

-9.84
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Table V. Calculated fraction of energy transferred, F¢, from
40Ar projectile to 248cm target. Egf,  is either the height of
the fission barrier or the neutron binding energy in MeV
whichever is lower, EM' is. the maximum in. the experimental
excitation functions, and Ey 1is the fraction of energy

"transferred assuming it is. apportioned according to the mass

fraction transfefred. Ep = 211 MeV in the lab frame.

Nuclide EM Fg¢ " Eg : Nuclide Epm F¢ E¢

(MeV) : , __(Mev)
Bk 244 240 0.21 0.15 . Es 250 243 0.21 0.10
- 245 245 0.10 0.13 - 251 245 ° 0.12 0.08
246 242 0.15 0.10 252 240 . 0.18 0.10
'248m 250 0.15 0.05 253 237 0.13  0.13
250 255 0.19 0.05 254m 237 0.26  0.15
‘ 255 250 .0.20 = 0.18
Cf 246 245 0.10 0.15 Fm 252 235 0.18 0.10
248 255 0.02  0.10 . 253 228 0.28 0.13
. 250 266 0.02 - 0.05 = 254 220 0.17 0.15
252 . 245 0.08 0.10 . - 255 230 0.21 0.18
253 -+ 245 . 0.23 0.13 . 256 . 245 0.09 0.20
254 245 0

.29 0.15
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Table VI. Calculated fraction of energy transferred, F¢, from
44ca projectile to 248cm target. Ef n is either the height of
the fission barrier or the neutron binding energy in MeV
whichever 1is 1lower, EM is the maximum in the experimental
excitation functions, and Ey is the fraction of energy
transferred assuming it is apportioned according to the mass
fraction transferred. Eg = 237 MeV in the lab frame. An *
indicates that (Ef, p-Ex)<0. Data taken from reference 2.

Nuclide Em F¢ E¢ Nuclide EM Fg¢ E¢
(MeV) {MeV)

Bk 244 285  * 0.14 Es 250 275 0.11 0.09
245 285 0.11 251 275 0.08 0.07
246 282 0.01 0.09 252 273  0.16 0.09
248m 286 0.08 0.05 253 ' 266 -0.20 0.11
250 2319 <0.01  0.05 254m 273 0.24 0.14

255 252 0.63 0.16

Ccf 246 275  * 0.14 Fm 252 252  0.16 0.09
247 275  * 0.11 253 264 0.16 0.11
2438 275  * 0.09 254 256 0.13 0.14
250 260 0.21 0.05 256 252 0.26 0.18
252 280 0.13 0.09
253 270 0.32 0.11
254 292 0.21 0.14

20



FIGURE CAPTIONS
Figure .1 Target system schematic diagram.

Figure 2 Flow chart of the chemistry performed on Au catcher
- foils. " ' '

Figure 3 Excitation functions for isotopes of Bk from the
reactions of. 40y w1th 248¢q,

Figure 4 Excitation functions for isotopés of Cf from the
reactions of 40aAr with 248cnm.

Figure 5 Excitation functions for isotopes of Es from the
reactions of 40Ar with 248cm. ' ‘

Flgure 6 Excitation functions for isotopes of Fm from the
reactions of 40Ar with 248cm.

Figure 7 Isotopic distributions for Bk, Cf, Es, and Fm from the
interactions of 245-MeV (1.16 X Coulomb barrier) 49Ar ions
with 248cm.

Figure 8 1Isotopic distributions for Bk, Cf, Es, and Fm from the
interactions of 275-MeV (1.16 X coulomb barrier) 44ca ions
with 248cm.

Figufe 9 Isotopic distributions for Bk produced from - the
interactions of 113-MeV (1.20 X Coulomb barrier) 180 ions,
245-MeV (1.16 X Coulomb barrier) 40Ar ions, 253-MeV (1.08 X
Coulomb barrier) 40ca ions, 275-MeV (1.16 X Coulomb barrier)
44ca ions, 280-MeV (1.19 X Coulomb barrier) 48ca ions, and
805-MeV (1.13 X Coulomb barrier) 132Xe ions with 248cn, '

Figure 10 Isotopic distributions for Cf produced from the

'~ interactions of 113-MeV (1.20 X Coulomb barrier) 180 ions,

245-MeV (1.16 X Coulomb barrier) 40Ar ions, 253-MeV (1.08 X

Coulomb barrier) 40ca ions, 275-MeV (1.16 X Coulomb barrier)

44cy ions, 280-MeV (1.19 X Coulomb barrier) 48Ca ions, and
805-MeV (1.13 X Coulomb barrier) 132Xe ions with 248cnm.

Figure 11 Isotopic distributions for Es produced from the

interactions of 113-MeV (1.20 X Coulomb barrier) 180 ions,
245-MeV (1.16 X Coulomb barrier) 40Ar ions, 253-MeV (1.08 X

21



Coulomb barrier) 40ca ions, 275-MeV (1.16 X Coulomb barrier)
44ca ions, 280-MeV (1.19 X Coulomb barrier) 48ca ions, and
805-MeV (1.13 X Coulomb barrier) 132Xe ions with 248Cm.

Figure 12 1Isotopic distributions for Fm produced from the
interactions of 113-MeV (1.20 X Coulomb barrier) 180 ions,
245-MeV (1.16 X Coulomb barrier) 40ar ions, 253-MeV (1.08 X
Coulomb barrier) 40ca ions, 275-MeV (1.16 X Coulomb barrier)
44ca ions, 280-MeV (1.19 X Coulomb barrier) 48ca ions, and
805-MeV (1.13 X Coulomb barrier) 132Xe ions with 248cn.
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