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A STUDY OF Dy(hoAr,xn)Po REACTIONS
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Lawrence Radiation Laboratory
University of California
Berkeley, Californie
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ABSTRACT

Cross sections'have been measufed for the production of Po nuclides

164

o - 4o
Dy target with = Ar

" ions in the lon energy range 160 to 280 MeV. The maximum cross sections (in
‘millibarns) were 0.5, 2.1, 8.0, 35, 50, 70, and 20 for the production of mass -

‘numbers 194,- 195, 196, 197, 198, 199, and 200, réspectively. Isomer ratios for

the odd-A nuclides were obtained. A good fit is obtained between the shapes of

- calculated and experimentdl excitation function curves. The fit involved (a) .

calculatibn of the compound nuéleus cross section by the use of the parabolic
approximation to the real partvof the optical-model potential with the pargmeters
vV, = =70 MeV, r_ = 1.26 F, and 4 = O.bk F; (b) modification of Jackson's formule
for the probgbility for neutron emission to include.angular momentum'effecﬁs

using T = 1.2 MeV and S/%O = 1.4 and (c).assumption of an energy independencé

 for the average pértial-level width for neutron emission. In the fitting process

experimental values for the latter quantity are obtained to which an empirical

formula is fittedo Fisslon 1s the main competing modé of decay.

. : o | . | -
* This work was performed under the auspices of the U.S. Atomic Energy Commission.

Present address: Norsk Hydro's Institute for Cancer Research, Oslo, Norway

(leave of absence).
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Present address: Oak Ridge National Laboratory, Oak Ridge, Tennessee.
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i; INTRODUCTION
Tﬁe poséible exlstence of & neutron shell at N = 184 and é prbton
* 'éhel1 ét Z,;‘114'or 1267 presents an exciting challenge to'broduce and identify
nuclideé 1% that region of the periodic table. One approach is to use (I,kn)
reéctiéns which are qharacterized by the fusibn'of a heavy‘iqn (I) with &
targéﬁ nucleus (T) to form a édmpound nucleus (CN) followed by thebémissiOn

i

of x neutroné. The ion energy at which a peak occurs in the excltation funétio%

dependg'on the number x, and can therefore be used for mass assignments. ) %

{
i

‘_T9§§y>§he’héaviest target available in reasonable quantitieé_is
curium (ZT = 96). The production of superheavy nuclides.by (I,xn)-reéctiqns
depehds therefore on whether such reactions take pléce in this region‘with
fons at least as heavy as Ar (2, = 18).

___An analysis of the experimental éngular—cofreiatioh function féf
.coincident fissidn—fragment pairs zave evidence for the formation_of é-CN

8

‘ withlZ = 110 for the system 23 U(LLOAr,f).2 However, direct proof for (I,xn)

- reactions fér this Systém was not furnished. Such reactioné have been sﬁgwn
to také place only with ions as heavy és Ne incident on heavy-element fargets.3
v Inspection of the Table of Isotopesh reveals that isotobes of

Po (7 =.8h)véreljust éboui thé heaviest known nuglides thatﬁmight.be pfdauced |
' -with»yoAr as prbjectile. In this work we chose to investigate in some V
detail tﬁe system 164Dy(4oAr,xn)zou_xPo. lEven though Po (Z = 84) is far‘frdm,
Z = llh, it was felt that an analysis of this system was an important s_teé°

If the cross sections are forbiddingly small for this system, one cannot hope
to produce the superhéavy nuclel by this scheme. |

The system chosen has several advantages. The product nuclides are

known alphe emitters and there are no interfering alpha or EC‘decay'activities

)



»

-3- .~ UCRL-1867h4

from daughter prbducts or from nuclides produced diréctly in (qur;xn,yp)

reactions, Here we have the possibility of studying reactiorns that involve

“a wide range both in x and in excitation energy. This providzs a stringent

test of the valiaity of the formuias to be used:in fitting the'experimehtél.
déta.
' TII. EXPERIMENTAL -
i " The following two types of experiments were performed: thé relative
crogs_seétions were determined for the.producfion'of the_different'Po'nuclides;

- ~ ' ' 00
and the absolute cross section for the production of 2 Po and its recoil range

- distributions in Al and Ni were determined.

In both types, beams of 415-MeV hOAr from the Berkeley Hilac were,

_ after magnetic deflection through 30 deg, dégraded to the desired enefgy by the
use of weighed Al folls placed in front of the target. The energy resolution

- of the Ar Beam, after passing through the targéts and Al folls, wes measured

by the use.of a diffused—Junctibn S1 detector. -The measured most probable
energy is believed to be accurate to within L MeV. The beém‘was ééilimaﬁea-
to & diameter of 0.6 cm. The average beam current was about S:x 10;8'A,
assuming hOAr toibe fully stripped over the energies considered.

III. EXPERIMENTAL RESULTS

'A. Experiments with the Gas Jet

The relative cross sections at various Ar lon energiles were determined

by the use of ﬁhe recoil gas-Jet technique as described in Ref. 5. The recoil

- atoms produced in the bombardment were slowed down in helium contained inSidé-

& cylindrical chamber 2.5 em in diameter. To accomm5date the longer recoil

ranges with qur, the chamber was made 15 cm long; this is to be comparedfwith'

4.4 cm, found to be sufficient in experiments with C and O fons.’
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The recﬁil collection efficiency of this ges-jet system at vériOus
bombarding:energies wes optimiied by adjusting'the.heliﬁ@ pressuré ovef.a.rangé
from aboutvO to é atﬁéspheres. The dysprosium targets, méde by eléctrodepcSition . .
onto a 2.1—mg/cm2'Ni foil, were about 0.5 nmg Dy per'cm? fhick. The mass nqnbér |
cpmeSitioﬁ in atom.percentkof Dy was as follows: 92.7% of.l64; 5.55% of 163;
134% of 162; and O.u% of 1610_ |

| ‘ The va;ious alpha activities observed could ail'be assigned to kngwn
" Po nuclides. A_summary of the bést‘decay.characteriStics, as taken from Ref. 6,
is given in Tablé I. (In the cases where no data were availablé, we have |
assumed the alpha brahching to be 100%. ) _As‘is seen, the odd-A iéqtopes havé
a low-spin ground state and a high-spin isomer, and both were produced. The
relative ylelds of the acti&ities were-ﬁeasured at various argon ion énergies.A
'"ﬁfter“COTréctIon for errors due to counting statistics, the yield at a partic-
ular bombarding energy was reproducible‘to within + 25%. Variations are}caused
by inhomogeneities in the thickness of the electroplated target combined with
vﬁriétion in the intensity of the beam in the vertical plane and, mﬁst‘imégrtant,
-changes in:the‘coliection effiéiency of the gas jet.

B. Experiments with Stacked Foils -

The  experiments with the gas Jet showed that the cross sections for

16k

40 L . ' v

Dy (" Ar,xn).reactions are negligible when xg 3. Hence, in the bombardment

nat_ - . . 164 o _ ' .

of a Dy target, which consists of Dy and lighter isotopes, the 11l.4-min
'alpha-activity from ZOOPO should be the longest~lived component. We theréfOre'

' decided to use a target of metallic natDy which could be made very uniform by
sputtering onto a 0.1-mil Ni backing.

Absolute cross sections and recoll ranges wvere measured by the use of

the stacked-foll recoll catcher technique. vHere, a set of Al or Ni foils was
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placed directly behind the target, in vacuum. After,bombérdmen?, the foils
were individually cbunfed for éross aipha'decay in'SO%—geometry‘alpha countérs.
The slowness of this technique llmlts its use only to ‘those salpha activitles
for whlch‘the helf-lives are longer than seconds. Furuhermore, only alpha
‘activities which co;ld be identified by their half-lives could be considered.
The bombardments were performed at an | Ar ion energy of 172 MeV, giving‘
the maxXimum yield of ZOOPd. The éross alpha curve fof the various foils in the
,stack showed, as. expected, that the longest- llved comoonent had a half-life of
11.4 min, correspondlng to that of 2OOPO. The distributions of th1 aCulVlty
in Al and Ni, along the beam ax1s, were.very,nearly Gaussian. The averége
vfanges wére_l.ho mg Al per.cm2 and 1.50 mg Ni per sz when a target with a
.thickness of'O.Svmg natDy pér cmz'was‘used. After correction for tafget
thickness, the average ranges weré found to be 1.6 * 0.1 mg Al perx cmg and'
1.7 + C 1 hg Ni per cm?. The maximuﬁ value of the cross section for the

16hD ( lm)200

reactlon
200

Po was 22 * 4 mb, assuming 12% alpha branching for
Po and 23.2% abundance of lGhDy in natDy°

C. Expérimental Excitation Functions

2‘The absolute yield of the gas Jjet at 172 MeV was éomputed from'thé
i;elaﬁive agd absolute production cross sections of 200?0 as obtained, respéctively,
with the gas jJet end the stacked-foil technique. By assuming this yield to be
.iﬁdependent of bombarding energy, all the measured values for the relative
Cross section could be converted to absolute crOSé sections. Thé latter are .
given in Table II. Here we have listed the cross segtions‘for_thc peructibh

A A A

Figs. 1 through 6, values for the quantity Oy which represents the total cross

~of the high-spin state o m, the low-spin state © g’ and their sum o,. In
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section for the production of mass number’A, are plotted Veréué the‘argon ion
: bombérding ehergy._ We have not plotted those for A = 194, as the activity of

l91+Po was below the detection efficiency of the systém ovef mosf of the energy

fénge." |
o The data in Téble II have not 5een éorrecfed for effects due to the
_enefgy sPreadbin the incidenf hOAr beah. The full width at half maximum,of fhis
straggling was'9 MeV?at'l7O MeV and 7 MeV at 260 MeV. As seen from Fig.!l; the
FWHM of tﬁé_measured ékcitétidn functions is significanﬁly larger than 9 MeV,
The narrowest hésvé FWHM of 15 # 4 MeV, which, when corrected for thé enérgy
spread, reduces to 12 * 4 MeV. 1In addition‘to statistical errors, an error of
25% is assigned to all the values for the cross seétion, as mentioned earlier.
We have not ihcluded errors in the assumed value of IOO%‘fbr the unmeasﬁred

alphavbranching.rationéo. Any deviation here will Increase the values of thel
Cross sections.

Anothervpossiblé4systematic error is contained in the valué used for
the absolute yield Qf the gas jef.. Since ZOOPO is essentially observed.éﬁly
jin the ion ehergy range 165 to 180 MeV, Qe could not diréctly check thét yield.'
'.at higher enetgies. One woﬁld expact the yield»tovdecrease with iﬁcreasing

energy as & resﬁit of iﬁcreésing range straggling iﬁ hélium and a Subsequent‘
increase in the loss of recoils to the walls of the chamber; Hence, the éfoss-
_ séction values for the production of the liéhter Po isotopes'givénbin Table II
| must be regarded as lower limits. |
IV. DISCUSSION
. In the following, the values obﬁained experimentally for the range
and the cross sections are cbmpared wiﬁh those predicted.ﬁy the éompound—'

nucleus (CN) mode. Accbrding to this model the first step in the process is
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characterized by the formation of a CN in & cbmpleté fusion of ion and target
 nuclei. After thermal equilibrium, this nucleus decays by evaporation of
neutrons in competition with charged-particle~, Y-ray emission, and fission.

o ' . 200
A. The Average Range of 2 Po in ‘Al and Ni

A necessary conditibn for a CN reaction is that the Cn recelve the
full linear momentum of the' ion. Furtﬁermore, since this nﬁcleus; after thermal
equilibrium, has 1ostithe memory of its formafion, the neutrons are'emiﬁted
symmgtrically_around 90 deg in the center—of—mass system of the recoiling
nuciéusq Fdr 8 good epproximation, the avérage laboratory-system energy of
- the nucleus at the end of the cascade of neutféns is ER = (mImR/mCNz)EI’ wheré
1mI’ My &end My are the masses of the ion; the recoil nucleus, and the compound
nucleus,.respectively, and EI is the lab energy of the bombarding ion. Hence,

- at an qur energy of 172 MeV, the energy Of ?OOPO is 33.1 MeV., This energy

corresponds tQ a velocity of 5.6 x 108 cm/sec° Accofdiﬁg to Bohr,7 for velocities
greater than thé veloeity of the electron ih'the'hydrogen'afom (vo ='2°2x108 cm/sec),
the stopplng is by electfonic interéctions; for V< vy the stopping 1s by atomic
collisions. Bohr's formula is valid for V < v, and, therefore, cannot be applied.
Using his formula, wé estimate the ranges io be 2.8 mg Al per cm? and 3.4 mg Ni
per cm?—-largér than are observed.A

Steward and Wallace8 have developed geml-empirical fofmulas for the
range -energy relationship for particles of various mass and,velocity'in solids.
vAccording'to'their éalculations, EOOPO of an energy of 33.1 MeV should havevthe,
ranges_l.? mg/cm? and 1.8 mg/cm? in Al and Ni, respectively; in good agreemeht'
' with our experimental results. This agreement supports the hypothesis that

"ZOQPO_is formed in a CN reaction.
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B. - Excitation Functions

We first méké a few qualitative remarks‘regardihg ﬁhe &alues for fhe
isomer‘ratio qu/oAg given in Table II. At éll,eneréieé thig ratio in general
is Jarger than uhity. This is tb bevexpected, since the average angulér momén_
tum.of the compound nucleus generally is largef'than the spin of theﬁhigh—spin
_isomer. We also observe that this ratio has é‘tehdency to'increase.with in-
creasing bombardihg eﬁe?gY- -Again this is expectéd, since.average éngularv
momentum of the hucieus at the end of the neutron cascade (énd before vy emission)
.increases with incféasing Ei wﬁen x 1s constant. At the.péak of the'various_'
excitation funétions we find QAm/qu to be about 3, 9, and 3 fof the mass
~nuambers 199, 197, and 195,'respectiveiy. This might suggest that the d branching
for 197gpd‘>is 30% rather than 100%, as assumed in.fhe cr0ss;section evaluation
(sec Table I). N |

Iet us.ﬁbw discuss the excltation functiéns for the production of the
'vafious mass numbefs of Po. ‘If we taken into accdount that the ﬁéréef is»nﬁt
monoisotopic, the cross section for fhe production of a Po nﬁclide of mass
number A, at a particular gohbarding energy E r’ is given by.the sum

op = ) (@ DA, o @

B

where At 1s the mass number:Of the target nucleus, f is its ffgctibnal abundance,
X is the number of negtrons emitted ?rom thevcbmpound nuclgus with At as target
to give the product A, (G) is the average partial-level width for ﬁeutron
emission inlﬁhat cascade, and oi is the cross section for producing A when

9

only neutron emission 1s considered. This cross section can be expressed as
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: N . ' | o . :
x f:ZO:O‘z(Ei)Pk(EX-,JZ). o a | (3)
Here, ey i; the croés‘sectionufor the £t partial nge,'ZCNlis'a.cutoff value
at which the interactions between the nuclei are assumedvtéléhange from the
compound-pucleus ﬁype to the grazing type, and PX(E*,Z) is the probability for
the emission of exactly x neutrons from a compound nucleué'of éngular m§mentum £
and éxcitation ene;gy E*.' A detailed definition(of the quantities used in
Eq. (3) is given in Ref. 9. ' _ c v —_

: . o . :
The calculation of Ux’ in 2-MeV intervals of E,, was performed on a

i
.CDC 6600 computer. Values for the particle bindihércnergies, fission barriers,
and masseé were taken from Réf. 10. For the optical parameﬁers V > ro, and d
We ﬁsed the emplrlcal values -70 MQV' 1.26 ¥, and 0.4k F, respectlvely, as
ffobtained'in‘the analysis of -the 238 ( Ar,f)exc1tatlon functn.on.2 |
"Best fit was then obtained by using 1.2 MeV for T (the nuélear-
'vfemperéture), 1.4 for §/5° (ratio of the effectiQe moment of inertia of the
average nucleus in the cascade to that of a rigid sprerical ndcléus); ahd the
values for {G) as given in column 4 of Table III.
The results of the fit are shown in Figs. 1 through 6 whﬁre the
- calculated curves for OA are seen tolfolloy the experimental,points quite‘well.

We have aléo éhown the contributions from the various target nuclides.  Here
we see that the yields of ZOOPO and 199?0 are éssentially due to l6uDy only.
' The iighterkDy-isotopes contribute significantly only to the front‘edgé of‘the
other excitaﬁion—fupction curves. | |
The errors in T and S/%o are 0.2 MeV and 0.2, resbectively. The

' o Lo .
errors in <G) for the systems involving 16 Dy are listed in Table III, for-
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which we took into account the experimeptal.errors in 9 and the e;idrs in thev
calculated values for Ozo The latter contributiops were.significant'only for
X = H,vwhere thé'érror in 02 was at least 50% because thié function is strongly
- affected by the values for the nuclear parameters Vo’ T 4, and T.
The norma1izati§n used tovdeterminé (G) for the systems with ﬁhe
lighter tafget nuclides_had to be perforned in reglons where the,functions‘are
steep (seé Figs. 3 through 6). Here, the efrors are large and difficult to
estimate and were thérefore not included.

C. Partial-Level Width for Neutron Emission

In Teble III we have also included the wvalues for (G) as Obtalned

for A = 19% and some ofvthose vwhich can be estimated from the relationship"

b'e | x. [1/(x, ~x ' , o ' ' '
(G)“[GIl/Gz] /(12, ()

- where <Gl> and'<Gé) correspond to those for an (I,xln) and an (I,xén) reaction, -

respactively.' Velues obtained from Eq. (4) have the advantage fhat their

- errors depenrd only on thg rélativa errors in OA ahd Gzas'In that respect the
value derived from the peaks of the 8n and 10n reactions is especially
.'importént;-since the reactions occur in the high‘energy'region where the.

- absolute yleld of the ges~jet system was not determined. |

.In_coiumn 5 of Table III arevgiven the values for the mass numbef,
'Aav’ of the intermediate rucleus halfway alohg thé evaporation chain, aﬁd ﬁe
see that {G) decreasés as Aav decreases. This suggests that neutron emission
suffers an increaséd compétition as we proceéd'towafd_thé lighfer‘Po nuclides.

To get an idea about what these competing modes might be, we have

listed in Table III values of the following nuclear quantities, as averaged
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over the nﬁclei'in‘é cascade ' (a)vthe neutron binding enérgy, (Bﬁ); (b) tﬁe
fission barrief, (Bf>; (c) the effective barriers:against alphs emission,
.<BO); gnd (a) that"égainst-proton emission, (Bp). The values of the latter

- two quantities vere éstimated in the usual way from the sum of fhe coulomb
‘barrier and the binding energy. Values for the fiésion‘barrier and the

binding energles for neutrons and'protons were takep from Ref. 10, and those

for the alpha bindihg energy were taken from Ref. 6.

A comparison of»the values (Bn>, (Bf), <Ba>’ apd (Bp) ih.Tale IV

feveals'the interesting fact that those for (Bf) show the strongest Variafion
vwith Aav’ in addifion, théy aré lower than those for charged—partiéle ¢miséion.
 This suggests that fission is (a) the main reason for the variation of G with
Aév’ énd (b) competing more favorably then charge particle emission.with neutron
”?pégs%?gjm_pﬁigg”phgmconstént¥temperature ievel density formula and ignoring‘
éharged~particlé émission, thevavefage partial level width for neutron emission

can be expreésed asll’lz

{a) ='(1 +(rn/pf)-1)fl ’ - | | - (5.)

. i 2/3 _ P
4 IF = - . .
_<Pn/ f,> CA_L {exp (B_A/x)}gexp[((Bf) (Bn))/T]} - (6)
Here | |
B =0, when x is even,
;=_l,_when x 1s odd and ACN is even,
= -1, when x is odd and Ay 1s 0dd; '

T = nuclear temperature (the temperature for fission_is assumed to

be equal that for neutron emission);
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(2T/k ) exp{:(l.S/T) (A -0 i] (K ~10 HeV end 4 and & aré the

- Q
It

pairing energles at saddle and equilibzlum, reopactlwely)

7\ (A + A )/(2'1’

Assumiﬁg»T, f’ and A‘ to be ?onstantu, we obtalned a best fit to the exnerlnkntal
(@) &a;ues with C = 0.0067, A= 1M, and T = 1.6 MeV. The errors in these values
are large.. The formar is accurate only within a factor of 3, and the errors in
A end T are about 1. h and 0.8 MeV, respmctively
The calculated "best fit" values for (G), as given in the last column
of Téble iII, are seen to be within the suggested errors for the experimental
ones. | | |
V. anclusiqg
The analysis of the excitation functions for thé_production of Po.
~nuclides by (hOAr5xn) reactions suggests that these proceeé via the compouﬁd—
nucleus ﬁecﬁaniém.
| The shapes of the functions are féproduced'by‘using a nuclear temper-
'éﬁure, T, of 1.2 MeV and by‘téking into aécbunt angular momentum effects with -
- a vélué'of 1.4 for the ratio 5/3°. A similar analysis of (I,xn) éxcitation
| functions in#olving lighter ions in the rare earth region gave T = 2°O MéV_
and %/%Q =_l;5,9 and in the heavy-element region T = 1.2 MeV and «/s° = 1;25.12
' _ Tﬁe ex?erimental.data for (G) are rebroduéed'by‘é formula which -
ignores chafged-particle emission. The yaiue for ﬁhe parémetérlc thainéd in this

fitting process corresponds to A, beilng lower than A by as much as 3 MeV, whereas

f . . n ' - - . [ - -
" that for A suggests A% to be aboul equal to cr even larger than Ao In the
- heavy-element region one finds A? to be about 0.5 MeV larger than A .12 Ve -

, muot therefore regard the formulas used to estimate (G) as purely em.pirlcal°
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InVCOnclusion, it appears that there 1s no systematié‘difference;
‘between qur and lighter ions with respect to the mechanism of (I,xn) reactions.
Héncé, an extrapolati5n to heavier ions and targets‘appears tb be safe. Barring
unexpecﬁed nucléar effects,.the success of attempts-td produce nuglei in the
region of the next élosed shells will depend'on how severe the fission com-
petitioﬁ.is in the neutron cascads; i.e., it will depend on the strength of
the shells.
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Figure Ceptions

' 00, Lo .
Fig. 1 Excitation function for the produc¢tion of"2 Po 1n the Ar bombardmants

164 163

Dy,,s.é%_of Dy, and 1.3% of

162Dy; The points are experimental and the curve represents values for the

function O. 87 cuo where Uuo is the calculated cross section for the reaction

164

Dy( hn) when only neutron emission is agsumed to take place.

l99Po in the qur bombardments

of a Dy target with'composition as gi#en in the caption for Fig.'l.i The points

- are experimental; the curve.represents the function 0.50 ¢ ° where © o»is the

) p

' Lo :
calculated cross section for the reaction 161FDy( Ar,5n) when only neutron

emission is assumed to take place.

198

Fig. 3A Excitaticn function for the production of Po in the 1+OAr bombardments

—of & Dy -target wlth"composition~as~given~in-the-caption for Fig° 1. The points

.are experimental. The broken lines I and II, and the solid line, represent the

o o e o
>

163DY( AI‘,-SD),

are calculated cross sectlons for the reactions Dy( A 6n) and

‘ respectively, when only neutron emission 1s assumed to take place.

197,

Fig. 4 Excitation function for the production of o in the hOAr bombardments

of a Dy target with composition as given in the caption for Fig. 1. The points

-are experimental. The broken lines I, II, and IIT, and the solid line represent,

7°, 0“012'060’ 0.0022 o.°

)

are calculated crogss sections for the feactiOhs -

respectively, the funetions 0.11 o and their sum.

. > _
Dy(hOAr,Yn),”163Dy(hoAr,6n) and 162Dy(hQAr,5n), respectively, when only

rieutron emission is assumed to take place.
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Figa:§ ‘Excitation functions for the prodqctidn Cf;196Po in the *0py bombard-
‘ments of a Dy target with composition as'givén in.theléaption for_Fié. 1. -The
:points are experimentAI.;.Thg broken lines I, II, and III and the solid iine
repyesent, respéctivély; the functions 0.020 680, 0.0067 070, and O.OOOh9:O6O
7 70? and 060 are calculated‘créss sections for the

1

.reactions l'64Dy(l+o‘1&.r,81‘1), 163Dy(AQAr,7n), and

and their sum. Here 08?, o
62Dy(uOAr,6n), respectively,

when only neutrorn emission is assumed to take place.

- Fig} 6 FExcitation function for the production of l95Po in the l+OAr bombardments .

of a.Dy target ﬁith composition as given in the caption for Fig. 1. The points

' are experimental. The broken lines I, II, and III and the solid line represent,

. ;
9’ T ‘
sum. Here, 090, 080, and 070 are calculated cross sections for the reactions

) .
16LDY(MOAT)9n): %63DY(hOAT18n); and 162

- respectively, the functions 0.0067 o 0.0075 080’ and 0.00023 o ° and their

by (br_QAI‘:'?n), respectively, when only

neutron emission 1s assumed to take place.
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Table I. Sumaary of the decay characteristics of ﬁhe nuclides
observed in the bombardments of Dy with QAr; The
data are taken from Ref. 6.

Nuclide . E T . a
. , | (Me\?) . (Se%i | braz(q(}czl)ling
200, . | 5.86 | 68 o 12
o 199%8p, N 5.95 3o 2.7
199mp, N ~‘, 6.0 - w6 -
'19%% , L 6.18 | 102 : o 100% .
Plep, s | sk | Joox
19T, 6.8 R 25 100
1%, ) }, 6.52 | 6 : .150*
1958, 661 3 100%
i95mPo | . 6.70 | 1.k ': © 100%
Ihp, | o 6.85 | 0.5. . |  100%

¥ ' .
Assumed in the estimation of the experimental cross sections.
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Table ITI.

isomers, respectively.

g and m, in the symbol for the

Experimental cross sections oy in millibarns (10-27cm2) for the production of Apg nuclides in the bombardment ‘of e Dy target (92.7% 164;

1.344% 162; and 0.4% 161) with *CAr jons. The superscripts, cross section symbolize the ground state and

55% 183;
spin

& 3

Epr %0 199 199 ‘199 198 Gfg‘( 197 197 196 Fos :T95 195 ‘1gk

{Mev) -

162 1.9:0.6  0.820.3 0.5:0,2. 1.3:0.5 0.17%0.06 - Qo qo? 2,83

172 1985 8.hkt2.1 103 18t5 1.2£0.4 ) - 1.2

175, 2055 15tk 2b45 . 39¢10  6.0:1.8 8:8:1073 0.3:0.2  0.k0.2 2107 16 b

179 9.2:2.3 : ) )

182 L,.2£1,1 7 21#5 712 68+17 20%5 . 2.2

18 133 369 4912 2555 0.24£0.10 2.12C. T 2.3:0,8 0.1120.0% z.8

193 0.45:0.17 } ’ ' : )

1% - h2x1,2 134 174k 4812 1.1¢0.3 11053 11+3 0.43%0,16 LI

203 1.6£0.5 132 155k LU0 (23)-1078 3(22)-20f 7(2i).1072 2.1 o8
207 0.3%0.1 0.5:0.2 Co0.3 . 3heg 2.2

220 €0.3  0,05£0.03 0.05:0.03 2.1¥0.6  3,1#0.6 2727 308 8:2 0.,09£0,05  0.3%t0,1  0.4£0.12 8.7 3.3
225 1.5%0.5 135 15+ 82 0.16£0.07 0.4520.17 0.6¢0.2 8.7 2.8
232 0.2:0.1 0.6%0.2 7.6%2.5  8.212.6 6x2 0.1120.05 0.64t0,25 0.8:0.3 12 .

P42 - ' 0.2£0.1 3.281.1 3.h2l.2 62 0.6£0.2° - 1.5:0.5  2.1:0.7 0.08£0.22 - 15 2.5
256 . 0.01520,010 0.35:0.15 0.37#0.15  1.%:0.5 0.5%0.2  1.h#0.4  1.9%0.6 0.5¢0,2 23 2.8
262 0.02t0.01  0,16£0.07 0.18:0,08 1.1#0.4 © o.k0,2 1.k0.6 1,8£0.6 0.325.1 R
280 . o 0.026+0,01% . 0.3%0.1

286 7572073 0.05:0,03  0.0k20.,02 0.2:0.1 4.0

0,1610.08

7L9gT="TH0oN
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Table III. Results of the analysis of experimental excitation functions for Dy(h Ar,xn)Po }

: ’ reactions. Here A¢ 18 mass number of the target nucleus with an abundance of
£%; x is the number of neutrons emitted from the compound nucleus to give Apo: |
(G) (exp) 1s the normalization factor used to obtain & fit to the absolute :

- eross section and represents the average partial level width for neutron em135101
in the cascade; Agy is the mass number of the intermediate nucleus halfway along
the cascade; (B), Xéf) (Bn?, and <BP) are the average values for the neutron ‘
binding energy, fission barrier, effective barrler for @ emissicn, and effective.
barrier for proton emission, regpbctiVely "In the last column are listed cal- '
culated values for {G) as described in the text. '

@) oy, w0 GBSy
264 2.7 " ig:gg 2025 8.k 1z 159 15.5 6;90 ,'1%
’164'-' '9é.7 vl j_?' _.;g:gg 202 - 8.6 13.6  15.9 15.3 6.85 :E
16&  ' '92;7 1': 6 ._ig:gg 201.5 - 8,5  13.3 . 15.8 iS;o 6.83

~~16h5 o ~92-7',1f'_7 "‘»"igggg | 201 - 8.7 12.9' V,,15.8' 1k.9 | 6,77

6w 8 S Ges 87 126 158 w8 - o
"“16h"v'.'V92o7 " '»9 | "””ig:ggfg”“ zoo 8.8 f 12.2 157 4.8  0.66
164 %2.7 10 j_.4.;&8;32_..»“.—199.5 8.8 1.9 156 im 0.63
163 5.6. A"S_ 0.8 | .201, 8.7 1248_._ 15.8 1h.§ 0.76
163 5L6A_.‘ 6 0;77' 2005 8.7 12,5 15.8 14.8 | 0.7?» :»
163 5.6“ | _7 | | 0.7h 200 .8.8 12.1 15,7 | 14,8v i@,ss ‘ i
':163}. . 5.6 : _8 0.58 '.199f5 - 8.8 | 11.8 . 15,6 14.7 0.61
e 1.3 o 5 0.69 200 ..‘3.9 12.0 '_15,7 iu;s '0,627 |
162 1.3 6 0.8 1995 8.8 11,7‘ C15.3 k3 vb.sé

" 162  1.3 1  '.7 .“ 0;57 199 '_ 8.9 . 1.4 154 .1h.§'v. 0.53
| s vigzig 1985 859 Cna  " 155 15 0.7
8/6 | so33 1975 ‘9.0 10,&"{’ 15.3_ | 1.3 0.35
| ”:9/7 ) tg:gg | .A196.5 S99  ‘9;8 15.2 1kl 0.25
i°/8 %85 g5 92 9.3 35 B

$0.05 77T 7R TR Roen
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: :

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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