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ABSTRACT 

The target fragment yield distributions were measured for the 

interaction of 3.0 and 25.2 GeV 12C and 42.0 GeV 20Ne with 181 Ta . 

From these measurements (and other data), lower limits on the total reaction 

cross sections a; were derived for the 20Ne + 181 Ta reaction for 
< 

projectile energies from 7-2100 MeV/u. These values of 0 R are best 

described in terms of a dip in a; near 200-400 MeV/u although they are 
< 

consistent with an invariant value of g R from 17 - 2100 MeV/u. The data 
< are compared with predictions of the total reaction cross section a R' of 

nucleus-nucleus optical models and seem to be in general agreement with 

these predictions. 
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I. Introduction 

In recent years, considerable interest has been expressed in the energy 

dependence of nucleus-nucleus total reaction cross sections. In the seminal 

papers of DeVries and Peng [1,2] they suggested that nucleon-nucleon 

interactions dominate nucleus-nucleus collisions at .intermediate as well as 

high energies. The well-known decrease in the nucleon-nucleon scattering 

cross section for energies of 10 - 200 MeV is thus predicted to cause the 

nucleus-nucleus total reaction cross section to drop as the projectile 

energy per nucleon exceeds a few tens of 

(light/medium mass targets) was shown to 

Similar behavior was also predi cted (and 

cross sections [3]. This decrease in the 

projectile energy can be parameterized as 

(1 - T [E]) 

MeV. Available data for light ion-

be in agreement with these ideas. 

found) for nucleus-nucleus total 

cross section wth increasing 

~ zZe2 ) 
l-~ 

(R + 1:') E 
( 1 ) 

where R is the effective nuclear radius, ~ is the reduced wave length of the 

incident particle, Z and z refer to the target and projectile, respectively, 

E is the center of mass energy, and T [E] is the energy dependent 

transparency. Microscopic calculations showed that non-zero transparencies 

at medium energies arose from collisions with large impact parameters 

involving a "translucent" region of surface nucleons. 

The hypotheses advanced by DeVries and Peng raise fundamental questions 

affecting issues such as the viability of hydrodynamic descriptions of 

intermediate energy heavy ion reactions. In view of the importance 

(indicated by microscopic calculations) of surface interactions in 

determining the transparency in nucleus-nucleus total reaction cross 

sections, we thought it would be interesting to consider the behavior of the 

.. 
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total reaction cross section, oR' as a function of projectile energy in 

heavy ion - heavy target reactions where significant portions of the cross 

section do not involve surface interactions. 

Little published data about the energy variation of oR for heavy ion -

heavy target reactions for intermediate and high energies exist. Buenerd et 

al. [4] did study the elastic scattering of 86 MeV/A l2C from 208pb and 

deduced a T value of 0.42 from an optical model analysis of the data. 

Grabez et ~. [5] in a track detector study of the same reaction measured a 

lower limit for oR which was 27% larger than the value of oR measured 

by Buenerd et~. To avoid discrepancies such as this, (which may be more 

apparent than real due to the di fferent experimental techniques used) and to 

study the general variation of the total reaction cross section with 

projectile energy, it would be valuable to have a series of measurements at 

different projectile energies using the same experimental technique. 

While such data are not available, we believe an interesting series of 

measurements does exist which can give us insight into the question of the 

general variation of oR with projectile energy. The data we have in mind 

are the measured target fragment yield distributions from heavy ion-heavy 

nucleus reactions. Such yield distributions usually include the yields of 

target fragments with 24 < A < At t which generally account for> 85% of - - g 

the geometric cross section. Strictly speaking, of course, such 

distributions give a lower limit on the total reaction cross section due to 

the exclusion of processes such as total nuclear breakup or inelastic events 

in which the target nucleus de-excites without particle emission, etc. 

However, the data may contain global features of the energy dependence of 

the nucleus-nucleus cross section. In this paper we gather together the 

results of several earlier measurements of target fragment yield 

distributions made by us, present a limited amount of new data on yield 



distributions in the interaction of 250 MeV/u 12C, 2.1 GeV/u 12c, and 

2.1 GeV/u 20Ne with l8Ta , and summarize the results concerning the 
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energy variation (and magnitude) of this lower limit on the total reaction 

cross section, a~. The results show a general invariance of, or only 

small changes in, a~ for projecti 1e energies of 10 MeV/u to 2.1 GeV/u, and 

are compared to microscopic calculations. 

II. Experimental 

As stated above, we wish to present new results of measurements of the 

target fragment yield distributions in the reaction of 3.0 GeV 12C, 25.'­

Gey12C and 42.0 GeV 20Ne with 181 Ta • The measurements used the 

irradiation facilities of the LBL Beva1ac. Tantalum metal targets of 

thickness 86.8,248 and 86.8 mg/cm2 surrounded by mylar catcher foils of 

thickness 36 mg/cm2 were irradiated with 3.0 GeV 12C, 25.2 GeV 12C and 

41.0 GeV 20Ne , respectively, for periods of 1605, 802 and 545 min. The 

x 109 10 10 average particle fluxes were 5.22 x 10 ,2.87 x 10 ,and 3.51 

particles/ min. respectively, for the three bombardments. 

Assay of the radioactivities of the target fragments that stopped in the 

target and catcher foils by y-ray spectroscopy began approximately one hour 

after the end of the irradiation and continued for approximately two 

months. Standard techniques that have been described elsewhere [6J were 

used to identify the radionuc1ides present and to determine their 

activities. No corrections for the effect of secondary induced reactions 

were made because previous studies [7J of heavy ion - Au collisions at 

similar energies showed such corrections to be negligible. In these studies 

[7J, the production of 23 different target fragments (46~~196) in the 

reaction of 8.0 GeV 20Ne with 197Au was measured for 242 and 49.3 

mg/cm2 targets. No difference was observed in the production cross 

sections for the two target thicknesses indicating negligible contributions 

• 
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of secondary reactions. 

The measured radionuclide production cross sections are given in Tables 

I, II and III. Fifty-three different radionuclides were observed for the 

reaction of 3.0 GeV l2C with l81 Ta while 52 and 36 nuclides were 

observed in the reaction of 25.2 GeV. l2C and 42.0 GeV 20Ne , respectively 

with l81 Ta • 

The radionuclide production cross sections, as .stated previously, 

include both independent yields and partial cumulative yields. To obtain 

true independent yield cross sections for all the species, one needs to 

correct the partial cumulative yi el d cross sect ions for the effects of any 

beta decay that occured between the time of production and the time of 

. detection of a particular species. Once this correction has been made, the 

resulting independent yield production cross sections represent the yield of 

a target fragment of giverimass and atomic number and can be integrated to 

give the total yield of a given A or Z in the reaction as well as the total 

cross sectio~ for target residue production. 

In order to make the correction for precursor decay to each measured 

partial cumulative yield cross section and in order to calculate the total 

fsobaric or mass yield we have assumed that the independent yields of 

isobars can be represented by a histogram that lies along a Gaussian curve 

as given by equation (1) • 

a (Z,A) = a (A) ( 2) 

with (J (A) being the total isobaric yield, sZ(A), the Gaussian width 

parameter, and Zp(A) the rrost probable Z value for that isobar. Given the 
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assumption of Gaussian atomic number dispersions, the beta decay feeding 

correction factors for cumulative yield isobaric members can be calculated 

once the centroid and wi dth of the Gauss i an are known. 

In order to uniquely specify these three variables cr(A) , Sz(A) and 

I p(A) one would need to measure three independent yield cross sections for 

each isobar. In fact, the nature of radiochemical studies such as this one 

does not, in general, lend itself to the measurement of the yields of 

different isobars. Rather, a wide assortment of radioactivities are 

observed which span the entire range of the periodic table that is 

accessible in the nuclear reaction. As a result relatively few isobaric 

pairs are observed making a further assumption necessary to apply the 

Gaussian charge distributions to the measured data. The assumption is, that 

the value of ~(A) varies smoothly and slowly as a function of mass number, 

A,. and is roughly constant within any A range considered when determining 

Zp(A) and sz(A). Another less stringent statement of the assumption is 

that the charge dispersion curves for neighboring isobaric chains should be 

similar, thus, radionuc1ide yields from a limited mass range can be used to 

determine a single charge dispersion curve. The two parameters that specify 

the width, Sz{A), and the center Zp(A), of the Gaussian distributions are 

varied in an iterative fit to the measured data over limited mass regions. 

The width parameter has been found, in general, to be approximately 

independent of mass number over small ranges of A. The centers of the 

distributions were adequately represented by linear functions in A, over 

small ranges of A. 

The results of this procedure can be seen in Fig. 1-3, where the 

calculated independent yield production cross sections are plotted versus 

Z - Zp(A), the distance in Z units from the center of the isobaric 

distribution. Also shown in Figs 1-3 are the Gaussian curves that are 
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specified by equation (2). The yields of isomers are denoted by triangles 

in Fig. 1-3. 

The uncertainties in the calculated independent yields represent the 

contribution from statistical uncertainties in the measurements and an 

arbitrary factor representing the minimum systematic uncertainty in each 

data point of 10% where applied. [8J The variation of the parameter Zp(A) 

(which specified the center of the charge distributions) with product mass 

number A is shown in Figure 4 for the systems studied. In general the Zp 

functions are quite similar for the three systems with small differences 

appearing for near-target spallation products. The data of Figs. 1-3 and 

the parameters of the Gaussian distributions can be used to calculate a 

total isobaric yield for each data point. [7J These isobaric yields are 

shown in Fig. 5 and are also given in Tables I-III. In caseS where the 

yield of one member of an isomeric pair did not represent adequately the 

yield of both members of that pair, no isobaric yield was calculated. When 

calculated independent yields for two isobars exist, the resulting mass 

yields were added to give the final ~ass yield for that isobar. 

The uncertainties in each point in Fig. 5 simply represent the 

fractional uncertainty in the calculated independent yield and not any 

systematic uncertainty introduced by the charge dispersion analysis. The 

magnitude of this latter uncertainty depends on the extent to which each 

independent radionuclide yield is well described by a Gaussian charge 

u distribution, the position of the measured radionuclide Z relative to Zp, 

uncertainties in Zp(A) and Sz(A) and the extent to which the mass yield 

curve is a slow, smoothly varying function of A whose magnitude and shape is 

to be determined. Morrissey et ~. [7J have suggested one can estimate by 

using a propagation of errors treatment that on the average, individual 

pOints in the isobaric yield distribution have a systematic uncertainty of 
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+ 30% which should be added quadratically to the uncertainty in the measured 

value. However, they estimate the average isobaric yield within each small 

A region is known to + 15%. 

III. Results and Discussion 

In order to integrate the data of Fig. 5 (and similar data for other 

projectile energies) to give values of the total "residue" cross section 
< 

a R' certain assumptions need to be made. First, we assume that with the 

exception of fission fragments, the multiplicity of all fragments with 

A >60 is unity. (We can correct for the effects of fission [multiplicity = 

2J using published values of the fission cross section or by assuming that 

all fragments contributing to any central "bump" in the mass yield curve 

[especially at low and intermediate projectile energiesJ are fission 

fragments.) For fragments with A> Atgt/2, this assumption of unit 

multiplicity for non-fission fragments is obviously valid. The yields of 

such fragments typically amount to ",75% of the geometrical reaction cross 

section. For fragments with 60 ~ A::. Atgt/2 it is numerically possible to 

have fragment multiplicities of 2 or more., However, studies [9J of such 

processes in the reaction of 11.5 GeV protons with 238u have shown these 

binary reactions are rare. We do not choose to integrate the yields below 

A = 60 because the work of Warwick et~. [lOJ showed large multiplicities 

of A = 20 - 40 fragments in relativistic nuclear collisions. 

In Table IV, we show the total IIresidue" cross section for the three 

reactions described in this work and for all the reactions involving Au and 

Ta target nuclei that we have measured. [11, 12J We also show results 

derived from the isobaric yield data of Kaufman et~. [19J for the reaction 

of 4.8 GeV 12C + 197Au • In this radiochemical work, a somewhat 

different approach to integrating the measured nuclidic cross sections to 

give isobaric yields was taken. It is gratifying to note the agreement 
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between our data and that of Kaufman et a1. In all cases we show the total 

integrated cross section for A 2 60, the correction for fission and how it 

was estimated and the resulting total "residue" cross section. To compare 

these data from several different projectile - target systems, we have 

assumed that for a given projectile energy per nucleon (in the c.m. system), 

that the Z, A dependence of the cross sections is that given by the soft 

spheres model. [13J Thus to convert the cross section for the 12C+197Au 

reaction at a c.m. projectile energy of x MeV/A to a value appropriate for 

the 20Ne + 181 Ta reaction at the same c.m. projectile energy of X MeV/A, 

we simply multiply it by the ratio of the soft spheres cross sections for 

the reactions in question at X MeV/u. This use of the soft spheres cross 

sections for Z, A scaling is consistent with projectile fragmentation data. 

[14J All the data for the cases tabulated in Table IV has been converted to 

values appropriate to the 20Ne + 181 Ta reaction an~ plotted in Fig. 6. 

Despite earlier caveats about comparing data gathered using different 

experimental techniques we also show in Fig. 6 (after appropriate 

conversion) the data of Buenerd et ~.[4J, Grabez et~. [5J, and Videbaek 

et a 1. [15J 

Certain features of Fig. 6 deserve further comment. At a projectile 

energy (l ab) of 86 MeV/A, the results of three measurements are shown. They 

are the lower limit on oR as measured using track detectors by Grabez et 

ale [5J, the lower limit on oR deduced from radiochemical data [llJ and 

the true value of oR as deduced by optical model analysis of elastic 

scattering. [4J What is interesting is that the two values of o~ are the 

same within experimental uncertainty as the value of oR indicating the 

oR-oR is not large at this energy. At a projectile energy of 2.1 GeV/A, 

there is some disagreement between the two radiochemical measurements 

although both measurements lie within two standard deviations of the mean of 
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the two rreasurerrents. The average deviation of oR from the value of oR 

predicted by the soft spheres model [13] is ~12% for the energy region from 

4S-2100 MeV/A again indicating that 0R-o~ is small. The data are 

consistent with an invariant value of oR from lS-2100MeV/A but are better 
< 

described by a dip in oR in the region of 100-400 MeV/A. (A Student's 

t-test would indicate that the mean of the data points at 23S, 360, and 377 

MeV/A is statistically significantly different [S% rejection level] from the 

mean of the other data points from 17-2100 MeV/u.) 
< 

It is interesti ng to compare the observed energy dependence of oR with 

theoretical expectations for oR. In Fig. 6, we also show the energy 

dependence of the true 20Ne + l81 Ta total reaction cross section as 

predicted by the microscopic theory of DeVries and Pengo [2] These 

microscopic calculations, based on Glauber theory, predict that the 

transparency in nucleus-nucleus collisions is due to a large impact 

pararreter "translucent" region, corresponding to interactions involving the 

surface regions of the colliding nuclei. With a heavy nucleus such as Ta, 

most collisions involve the central densities of projectile and target. 

Thus transparency effects are predicted to be small. Indeed, the 

calculations predict a generally invariant value of oR from 20-2100 MeV/A 

with a very small dip in oR near 100-400 MeV/A. 

We also show in Fig. 6 the values of oR predicted by a high energy 

double folding optical potential approximation by Townsend et il. [16J who 

say it is more accurate than the DeVries and Peng calculation. The 

predicted values of oR are considerably less than those of DeVries and 

Peng and show a decrease in oR from SO-SOO MeV/A. The significance of the 

agreerrent between the predictions of Ref. 16 and the magnitude of o~ is 
< 

difficult to assess. Normally one would expect oR to be somewhat less 

than oR and the agreerrent between the predicted value of oR and the 
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< 
measured value of GR would indicate a problem. However, the situation is 

< clouded by the agreement between two measurements of GR at 86 MeV/A and 

the measurement of GR by Buenerd et !l. 
The comparison of the data with the theoretical predictions is both 

interesting and frustrating. The G~ data lie considerably below the 

DeVries and Peng predictions for projectile energies of 7-20 MeV/A 
< 

presumably because the values of GR do not include contributions from 

quasielastic events whose importance is greatest at lower energies. The 

data points in Figure 6 are less than the predictions of the DeVries and 

Peng calculations but that is expected since these are lower 1 imits on 

GR. The calculations of Ref. 16 describe the data from 50-2100 MeV/u 
< 

adequately except for the previously noted fact that GR should be a lower 

limit on GR and not be the true value of GR. The best fit to the 
. < 

values of GR would indicate a dip (.in the energy region of 100-500 MeV/u) 

whose magnitude is greater than predicted, but in better agreement with the 

calculations of Ref. 16. It would be helpful in comparing the DeVries and 

Peng calculations and those of Townsend et ~ [16J to have a series of 

measurements of absolute values of GR 

IV. Summary 

What we can infer from the G~ data and the theoretical predictions 

of GR? One concludes that 

(a) It is possible to use radiochemical target fragment distribution 

• data to study the general features of the energy variation of 

GR. These lower limit reaction cross sections, G~ agree with 
< 

other measurements and indicate that GR - G R is small. 
< 

Systematic undertainties in the values of GR limit their 

usefulness in evaluating small differences between theoretical 

predictions or small changes in GR. 
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( b ) < While the data are consistent with invariance of aR from 40-2100 

. <. MeV/u, they are best described in terms of a small di p ln a R ln a 

region near 200-400 MeV/u. 

(c) The data are generally consistent with optical model predictions of 

DeVries and Peng [2] and Townsend et 2.1.. [16] with the data being 

in better agreerrent with the trend of the Townsend et !!.. 

predictions. 
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Table I 

Product Yi e 1 ds from the Irradiation of 3.0 GeV 12C with 181 Ta 

Measured Isobaric Measured Isobaric 
... Nucl ide Radionuclide Yield (mb) Nuc 1 ide Radionuclide Yield (mb) 

Yield (mb) Yield (mb) 
.. 

----

24Na 10.2 + 0.3 12.2 +1.3 86y 5.9 + 0.6 9.7 + 1.0 

28Mg 2.4 + O. 1 8.7 + 0.7 87my 8.1 + 0.4 9.5 + 0.4 

44mSc 
1.2 + O. 1 a 87y 5.9 + 1.5 7.1 +1.8 

46Sc 5.3 + 0.7 7.8 + 1.0 88y 4.0 + 0:5 10.3 + 1.2 

48Sc 1.6 + 1.0 8.4 + 5.0 89Zr 6.3 + 0.2 7.9 + 0.8 

52Mn 0.87 + O. 16 5.9 + 1.1 93"1-10 2.6 + O.~ a 

59Fe 1.77 + 0.18 7.9 + 0.8 94Tc 4.4 + 0.4 10.5 + 1.1 

67Ga 2.4 + 0.5 4.9 + 1.1 95Tc 5.8 + 0.7 8.7 + 1.0 

69Ge 3.0 + 0.4 7.4+1.1 96Tc 2.7 + 0.3 a 

73Se 1.2 + 0.2 4.5 + 0.8 97Ru 6.9+0.1 11 .. 6 + 1.2 

74As 2.7 + 0.1 6.4 + 0.6 101mRh 4.3 + 0.5 a 

75Se 5.2 + 0.3 6.7 + 0.7 105Ag 9.0 + 1.6 10.3 + 1.8 

83Rb 6.9 + 1.0 11.5 + 1.7 106mAg 2.3 + 0.1 a 

" 
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Tab 1 e I (c on t. ) 

Product Yields from the Irradiation of 3.0 GeV 12C with 181 Ta 

Measured Isobaric Measured Isobaric 
Nuc 1 ide Radionuc1ide Yield (mb) Nuclide Radionuclide Yield (mb) 

Yield (mb) Yi e 1 d (mb) 

---

110mIn 3.S + 1.9 a 14SEu 2S.3 + 0.7 29.6 + 3.0 

111 In 8.9 > + 0.7 10.8 + 1.1 147Gd 20. 1 + 6.0 29.4 + 8.7 

118mSb 1.06 + 0.48 a 149Gd 30.8 + 1.7 34 + 3 

119mTe 2.0 + O. 1 a lS0Tb 10.0 + 0.4 a 
- -

1201 7.4 + 2.0 lS.7 + 4.3 lS1 Tb 40.0 + 8.3 41 + 9 -
121 Te 12.3 + 2.3 lS.4 + 2.9 lS2Tb 24.S + 9.9 26 + 10 -
122Xe 8.4 + 2.8 27.0 + 9.0 1550y 29.3 + 3.3 30.1 + 3.4 -
1231 19.7 + 2.S 22.1 + 2.8 16STm 36.0 + 1.0 38.6 + 3.9 -
12SXe 12.8 + 4.7 14.3 + 5.3 169Lu 42.4 + 3.S S8 + 6 -
127Xe 18.6 + 0.2 32 + 3 170Hf 40.7 + 2. 1 66 + 7 -
127 Cs 14. 1 + 1.3 17 + 2 172Lu 0.97 + 0.21 31 + 7 -
128Ba 8.7 + 0.8 17.8 + 1.8 173Hf 27.4 + 2. 1 3S.7 + 3.6 -
132La 11 .8 + 2.S 14.6 + 3.0 17SHf 4.4 + 0.3 26.6 + 2.7 -
13SCe lS.7 + O.S 18. + 2 -

a Isobaric yield not determined because yields of both members of 
isomeric pair not measured 
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Table II 

Product Yields from the Interaction of 2S.2 GeV l2C with l81 Ta 

Measured Isobaric Measured Isobaric 

Nuclide Radionuclide Yield (mb) Nuclide Radionuclide Yield (mb) 

Yield (mb) Yield (mb) 

24Na 33 + 3 37 + 4 84Rb 2.2 + 0.2 b 7.1 + 0.7 -
28Mg 6.7 + 0.7 20 + 2 86y 8 + 2 14 + 3b 

42K 9.2 + 0.9 14 + 2 87my 12 + 1 a 
--

48v 3.5 + 0.7 11 + 2 89Zr 9.0 + 0.9 12 + 2b 

48Sc 2.2+0.6 12 + 3 93~o 3.6 + 0.4 a 
----

51 Cr 9.3 + 0.3 16 + 2 94Tc 5.1 + 0.5 a 
---

52 . 6 +S a 96Tc 3.3 + 2.6 b 
rTMn 7.4 + 5.8 

56Mn 8 + 1 20 + 3 97Ru 7 + 1 7.9 + 0.8 

56Co 0.9 + 0.1 12 +2 lOlmRh 10 + 3 a 
---

58Co 7.5 + 0.8 15 + 2b 10 SAg 10 + 1 11 + 1b 

59Fe 2.3 + 0.2 13 + 2 1l0mIn 10 + 2 a 
-

60Co 5.5 + 0.6 12 + 2b 111 I n 9.3 + 0.4 9.S + 0.9 b 

69Ge 8 + 3 19 + 8 121 Te 12 + 1 a 

71 As 4.2 + 0.4 11 + 1 12SXe 25 + 15 27 +--'16 b 

73Se 2.9 + 0.3 a l27Xe 16 + 2 30 + 3b 
.. 

74As 3.6 + 0.4 10 + 1 131 Ba 26 + 3 33 + 3b 
-

f1 

75 Se 7 + 4 9 + 4 l45Eu 23 + 3 28 + 3 

75 Br 4 + 1 14 + 4 l47Eu 18 + 2 18 + 2 -
77Br 9.2 + 0.6 12 + 2b l49Gd 23 + 2 25 + 2 -
81 Rb 5 + 1 10 + 3b 150Tb 7.8 + 0.8 a 

82Rb 4.9 + 0.6 a 155Dy 25 + 3 25 + 3 

83Rb 8.7 + 0.9 10 + 1 160Er 15 + 2 26 + 3 -
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Table II (cont.) 

Product Yields from the Interaction of 25.2 GeV l2C with 181 Ta 

Measured Isobaric Measured Isobaric 
Nuclide Radionuclide Yield (mb) Nuclide Radionuclide Yield (mb) 

167Tm 

169Yb 

16\u 

l70Hf 

171Hf 

Yiel d (mb) Yield (mb) 

32 + 2 55 + 6 171 Lu 39 + 2 38 + 4b 

29 + 5 42 + 7b l73Hf 58 + 11 65 + 15 

42 + 6 54 + 8b 175Ta 50 + 7 56 + 8 

26 + 3 43 + 5 176Ta 66 + 7 73 + 7 

37 + 5 44 + 6 

a Mass yield not determined because yields of both members of an 
isomeric pair not measured. 

b The ground state radioactivity of this nuclide when measured at 
t» tl/2 (metastable state) effectively sums the yield of 
metastable and ground states. 
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Tab 1e III 

Product Yields from the Interaction of 42 GeV 20C with 181 Ta 

Measured Isobaric Measured Isobaric 
Nuclide Radionuc1ide Yield (mb) Nuclide Radionuc1ide Yield (mb) 

24Na 

28Mg 

42K 

44mSc 

47Sc 

48Sc 
48V 

67 Ga 

69Ge 
71 As 
72As 
74As 
75Se 
87y 

87my 

89Zr 
90Nb 
95Tc 

Yield (mb) Yield (mb) 

23 + 32 + 3 97Ru 8.0 + 1.0 12.9 + 1.6 - -
8 + 2 36 + 9 101mRh 6.3 + 0.6 a 

- -
6 + 2 12 + 4 105Ag 11 + 1 11.9 + 1.1 - -
2.8 + 0.2 a 110mln 0.8 + 0.5 a 

--
4.9 + 0.8 10.9 + 1.8 111 In 9.0 + 0.5 10.2 + 1.0 

2.3 + 0.5 14.3 + 3.0 121 Te 13.7 + 0.6 19 + 2 -
.3.4 + O. 1 13.9 + 1.4 122Xe 8 + 1 15 + 2 -
4.0 + 1.0 7.5 + 1.9 1231 11 + 2 12 + 2 -
5.5 + 0.9 12.2 + 2 128Ba 9 + 1 12.6 + 1.4 

4.3 + 0.7 11 + 2 145Eu 24 + 2 28 + 3 -
5.8 + 0.4 9.0 + 0.9 147Gd 18.2 + 0.6 26.5 + 2.7 

3.1 + 0.5 8.1 + 1.3 149Gd 21.7 + 0.3 21.8 + 2.2 

14 + 9 17 + 11 151 Tb 22 + 4 22.6 + 4.1 -
11 .3 + 0.7 12.3 + 1.2 166Yb 31 + 1 40 + 4 -
7.4 + 0.9 7.8 + 1.0 169Yb 38 + 7 55 + 10 -
8.7 + 0.8 9.9 + 0.9 171 Lu 36 + 5 34 5 + -
4.3 + 0.7 8.0 + 1.3 173Hf 38 + 6 41 + 7 -
7.0 + 1.0 9.9 + 1.4 176Ta 22 + 3 24 + 3 -

a Isobaric yield not computed because substantial fraction of yield 
in unobserved member of isomeric pair. 



Ecm -Reaction A 

20Ne + 197Au 7.5 

16 0 + 197Au 11.1 

16 0 + 197Au 17.1 

12 C + 196Au 42.8 

12 C + 197Au 79.0 

12 C + 181 Ta 234.5 

20Ne + 181 Ta 360.2 

12 C + 197Au 377 .0 

20Ne + 181 Ta 1891.0 

12 C + 181 Ta 1969.4 

Table IV 

Total Residue Cross Sections 

Integrated 
Cross Section Fission 

A'? 60 Correct i on 

3179 1432 a 

3278 1036a 

4302 1180a 

3791 722 a 

3304 364 a 

2285 60b 

2680 60 b 

2780 250b 

2250 55 b 

2578 50b 

-18-

Total Residue 
Cross Section 
20Ne + 181 Ta 

1709 

2352 

3281 

3618 

3511 

2721 

2620 

3020 

2195 

3079 

a. Estimated from isobaric yield distribution by assuming all events in 
central "hump" in distribution are fission events 

b. Estimated from measured [17J fission cross sections for 197Au + 

14N and systematics [18J of the variation of r f in going from 
197 Au to 181 Ta • 
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Figure Captions 

1. The charge dispersion curves for products from the reaction of 3.0 

GeV 12C with 181 Ta are shown for various mass regions. Isomeric 

yields are indicated by triangles • 

2. The charge dispersion curves for products from the reaction of 25.2 

GeV 12C with 181 Ta. 

3. The charge dispersion curves for products from the reaction of 42.0 

GeV 20Ne with 181 Ta • 

4. The dependence of the ITDst probable primary fragment charge, Zp, 

upon product mass number A for the reaction systems studied in this 

work. 

5. The fragnent isobaric yield distributions for the cases studied in 

this work. 

6. The variation of the deduced lower limits of the total reaction 

cross sect i on, ° R' as a funct i on of the project il e energy. A 1 so 

shown are other measurements of oR and two optical ITDdel 

calculations of oRo 
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