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STUDIES OF LAWRENCIUM ISOTOPES WITH MASS NUMBERS 255 THROUGH‘ZGO*
Kari'Eskola,f Pirkko Eskolza, Matti Nurmia, andAAibert Ghiorso
Lawrencé Radiation‘taboratory

- University of California
Berkeley, California- 94720

‘ . . - ABSTRACT |
Six iSOtopeé of element 103, with mass,ﬁumbers 255 throﬁgh>260,'have
beeq’studied‘by_meané.of alpha-particle specfroscopy, The half—livés of
_the nuqlides, aﬁd the énefgies and the idtensi%ies of.their mgin alpha-particle

groUps,were_observéd to be:

20Lr 2245 sec 8;3710.02 Mev (~50%)
?%Lr 313 sec - 8.k3:0.02 MeV *(31;11;%)_ -
“357pr 7  0.6£0.1 sec  8.87:0.02 MeV (81:2%)
;258Lr , §.2£0.6 sec  8.620.02 MeV (&7t3%)— '
.v',259Lr ~ 5.4#0.8 sec  8.45¢0.02 Mev_(ioo%) |
“¢,260Lr '180%30 séé '8.0316.02 MeV (100%)

A.laige number'of,target-projectile combinations were used in synthesiziﬁg o
-.thé lawrencium.isotopes. Representétive éxCitation curves for producing -the
nuclides are displayed. 'Upper.limits for decay.by electfqn capture have been
determined. :Alpha-decay hindrance factors have been célculated'using the
spih—independéht equafions of Preston. The alpha-deca&'energy.systematics
-of the'heaviest‘eiements is»discussed. o .
I.  iNTRODUCTiON;-‘ | |
Iﬁ_lQSlfén 8.6-MeV, 8-sec élpha;particle actifity was discovered aﬁ
'Berkeléyl and sh6wn ﬁo Be an isbtoﬁe of élement ib3.'t1n.£hése éxﬁerimenfsia.

utérget consisting Qf a mixture of californium isotopes with masses 249-252 was



. UCRL-20442.
-2 -
ctn 1% and Mg 1 T . g o
bombarded with = B and ions and therefore an unambiguous isotopic assigrment

was not.prOposed, It appeared most likely at that time that the activity
257, .

Lr,'>Subsequent studies in Dubnaz’3 seemed to conflict with this

257

was due to

assignment and suggested that

256

Lr has a longer half-life of 35 seconds, the.

25‘7Lr has a half-

same as that of "~ Lr. In the present work it is shown that
life of10;6 sec_and the main alpha—pértiéle group'at 8.87 MeV. ‘An.isotopic
assignment‘for-the 8.6-MeV activity which is consistent both with fhé 1961 results
.and thosé;preSented here is 258Lr. The difference in the half-life Qalues is
due to,relatively_poor statistics in the former study. |

Six isotbpgs.of lawrencium,Awith.massesv255 thfough 260, have been
observed aﬁd’studiéq by means of'alpha¥partiéle spectroscopy. Somevof the
v results.reported‘here were essential to draw conclusions in our recently pub-
lished work on eiement lOS,_hahnium.h At tﬁat time they were included in the
publication without further elaboration. . -

The mass ‘assignments -of various ﬁr isotopes have been based on créss—'
. .bombardment téchniques and excitation funcfion measurements because a study.of“
genetic.links to previously known lighteriiSthpes of Md or Fm is hamperéd
by large electron-capture or pdssibly positron branching. Very little is

256

known of some of the pertinent-Md isotopes. In the case of Lr a genetic

link to-26OHa was establishedh and earlier, 256Lr had been linked to zstm
by the'Du.bna_grpup.5 Recently we have found‘alpha-active hahnium precursors
258Lr.6

 for both 257Lr and
II. EXPERIMENTAL
' - . 2ko 248 '
In most of the bombarments either a Cf of a Cm target was used., The
. | . 2 2'4'9 . . ] . 3 21+9 .
- 290-pgm/cm” Cf target had 60 pgm of isotopically pure Cf electrodeposited

from isopropyl alcohol solution in an area of 0.21 em® on a 2.2'mg/cm2'Be foil,
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on which 80—pgm/cm2 Pd had been sputtered. The 4l-pgm 2u8Cm target was also

prepared by the molecular plating method and had an areav§f 0.18 cmz. The isotopic
composition of the target was as follows: 2LmCm(Z.O%),,ZI‘LSCm(O.O6%), 21‘6Cm(3.l&%),
247, . o o | - '

h7Cm(O.OQ’?%), and 2u8Cm(9h.9%). In addition to the two main targets the

P

following targets were also used: 3am (~600 ugm/cmz), 2h6Cm(280 pgm/cmz),

2h9Bk (~6oo ugm/cmz), and 2% (~600 ugm/émz). Either boron or nitrogen beams
accelerated 5y'the Berkeley Hilac wefe used in most of.the experiménts. Beam
levels of 2-& pA measured as fully stripped ions were typically passed through
the targets. Tﬁe'energy of the lO.M-MeV/nucieon partiéles was adjusted by a
stack of Be mefalFfoil degraders and measured by a Soiid-state detector intércepting
particles SCattéréd from the targets at an angle of 300. |
The reaction récoils from the target were stopped by_the helium gas in
a small chaﬁbei ﬁext to the target. The rapidly flowing gas then carried the
récoils‘through avsmall orifice into a rough vacuum to be collected on a I
vertically mounted’wheel; The whee; wasvperiodically fotéted to plaéé the
coilected trénsmutation producté next to a sériés of'pefipherally mounted Si-Au
surface-barrier detectors in order to measure their alpha-particle spectra. The
earliest experiments were performed with a five detector station system, the.
stations being arranged at 390 intervals. In this setup the same positions on
»thé hs5-cm diametef wheel were not re-examined by the series of five detectors
until all 240 steps of the digital motor had been used. Tﬁe léter experiments
',°ﬁere performed-with a seven detector station éystem with h5o éeparation between
ftwb’a&jacént stations; To reduce the counting rate caused by lohg-lived
._'activifies, the wheel‘was advanced a few extra steps atbregular chosen intervals.

At each detector station there were four detectors, two movable (mother)

crystals which alternately faced the wheel and two stationary (daughter)

A
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crystals to alternately face the mother crystals Qhen they.wére shutﬁled off |
the wheel. By this arrangement a bhysiqal separation and.an éffiCient’detéction
of geheﬁically-relatéd alpha activities was possible. A échematic representétionb'
of ﬁheVarfangemenﬁ bf the 28 detectors around the vertical wﬁeel and in each
 individual station is shown in Fig. L. |

Alpha-décay e&ents recorded by the detectorsvwérevamplified]by mbdulér
units developed:in our laboratory, processed by a'PDP—9 computer and stored
on IBM tapé. ‘The 512-channel alpha-particle‘Spectré covered the fange from
6 to 12 MeV. ’Spbntanedus-fissibn disérimiﬁators were set to detect pulses
greater than 30 MeV in'éach deﬁector.' Each Wheel—éycle and shuttle period was
o dividéd:ihto four time subgroups.of equal length. BesidesIth¢ pulse'height-
and the éVehtjtime,:a detector identification sighal, as well as'signals in-
v dicating.the.ﬁrevailing shuttle condition and pértiﬁeﬁt'time_subgroup, were
N storéq by the gbmpﬁfer;. Data pfoqessing, éugh aéfspectfuﬁ fitting or nqrmalizing‘
the gain on the deﬁectors, and‘softing the data was‘done §ff-liﬁe by either

PDP-9 or CDC-6600 computers.’ o
o - III. RESULTS .

Ta P
255

Preliminary results on the decay characteristics of Lr have been re-

7

‘ported by Druin.’ His studies of alpha activities produced by bombarding 2h3Am

_'target with 16O ions indicated that 25-er has a half-life of about 20 seconds
.and an alpha-particle group at 8.38 MeV.
We ‘'have produced a 22-sec alpha activity with an alpha-particle group

b3,

‘at 8.37 MeV by bombarding the 2490 target with 198 and 1B ions, and a
target withvl60‘ions. The series of alphaéparticle spectra-diSplayed in Fig. 2
”vresulted“frOm bombardment - of 2h9Cf with 65-MeV 105 ions. The 8.37-MeV group

‘is somewhat masked by the 8.43-MeV, 3.2-sec 256No in the first spectrum com~
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poSed of events reCOrded during the dirst éSlsec.after the bombardment, but
stends our more'cleerly in subsequent spectra. The use of'SAMPO computer
program8 made itbpossible to resolve the 8.37-MeV group into two components
of 8.35+0.02 Meth(~5o%) ana 8.37£0.02 MeV (~50%). A least squares analysis
gave a half-life of 225 sec for the activity. Most of the other activities
- present helong to well-established isotopes of No and Fm, or were induced by
a 1ead 1mpur1ty in the: target The alpha group at 7.75 MeV is too prominent

255 250

to be die to No only and there may be a contribution from the h5-sec Md

9

known to have a group at thLS energy. It is also most difficult to distinguish

between the contrlbutlons of ugFm and 251Md in the 7. 5h~MeV peak, In bombardments

2h3Am by both 2C and 3C 1ons9 the latter has been found to have a half- llfe

f
of about h'minutes with its most prominent alpha-particle group at 7.53 MeV.

‘ '.The aipha:particle spectra shown in Fié. 2 were'recorded by the movehle
detectors uhen facing the wheel. The combined spectra recorded hy these same
detectors when in the off- wheel p081t10n and by the statlonary detectors faclng
_them were analyzed to find out if there were counts that arose from the decay
of 251Md the alpha—rec01l daughter of 55 Lr. All together six alpha-decay
events were observed between 7.5 and 7.6 MeV, while the total number of counts

255

assigned to Lr was 129 The calculated ratio of detected mother events to

detected daughter events is 2. 5, whlch is approx1mately one tenth of the
observed ratio. Thus 51Md seems to decay predominantly by electron capture
and this is'borne‘out by greatly reduced apparent reaction cross_sections for
1ts productlon as measured by its alpha decay.

Further proof that the 8. 37-MeV alpha-partlcle act1V1ty arises from the
fss

decay o Lr was furnished by excitation functlon studles. In Flg. 3 the

2k9

' alpha—particle‘spectra from bombardments of Cf by lB ions:at 59 MeV and
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71 MeV and‘by’lognions at 65 MeV ére ﬁlofted for compa;iSQn. The spectra
represent the sum _of'the spectra recorded by the.deﬁectoré in thé on-wheel
poéition and in ail cases the first 12.5 seconds. i.e., fhé two firs£ tiﬁe

subgroups out of the four at the first detector‘station; have béen discérded

256

to reduce interference from short-liVed actiVities:such as the 3.2-sec No.

At 59 MeV the complex alpha~particie'spectrum of 256

Lr is almost
pure, but at 71 MeV the 8.37-MeV group is taking over. At the bottom the
. . 256 . .

8.37-MeV activify élearly-dominatés over the Lr-induced peéks. The excitation'
functions.for7the activities resulting from bombard@ents of 2h9Cf_with llB ions
and chafécterized by half—iives'of'zz, 31 and 0.6 séc,‘and most promihent
alpha-particle éroups at 8.37, 8.43 and 8.87 MeV, respectively, éré piottedfin
Fig. 4. The feiatiVely 1afge uncertainties for the 8,37-MéV alpha aétivity

. reflect the’diffiduity of sepafatihg it ffom_the complgx alpha-particle speétrﬁm“‘
of 256Lr. Thebfacts that the excitation functions fofvthe 8.87 énd 8.43 MeV
activities reach their mexima at ébouﬁ_the same energy and that the meximum

for the 8.37—MeV acti&ity is about 10 MeV higher are chsistent with the

: ] . . . o 10
activities being produced by 3n, 4n and 5n reactions, respectively.

B,' 256Lr
The isotope’zséLr was syntheéized first at'Dubna in experiments where an

5

‘2u3Am farget~was bombarded with 18O ions.” It was identified by the genetic

method'by’whichva link was established between the new_hBth sec alpha-‘
252 ’

3

' aétivity'andAthe-23—hour Fm. In a review article Donets et.al..give a

half-life of 39 sec and the alpha-particle energy fange 8.35 - 8.50 MeV with
B,MZ—Meralphaéparticlés being nost intensive, as best values for the»decmy'_
. v 256, . v

' characteristicsvof ‘Lr.

We have prOducéd a 3l-éec alpha activity with a complex alpha-partiCle
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spectrum by bombérding 2u9Cf with 118 ions. The alphafpafﬁiclé Spectra'disQ
plaYed in Flg 5_. résuited from a bombardmént of fhe 21“9Cfv.-térgetv with 59-MeV
';lB,ions. Ihe suﬁAspectrum.with the firsf’lZ.S seconds fo11owing an irradiation
excepted is éhOWn in Fig. 3 as diécussed earlier. An'analysis-of.the spectrum

by SAMPO computéf'program8 gives the energies and intensities given in Table I

256

for the alpha-particle groups of Lr. A least squafes analysis of the decay

data yielded a»valué of 31%3 seconds for the half-life.'

256

The dssignment of the 31-sec alpha-particle activity to Lr is based

on the excitation éurves_disPIayed in Fig. 4 and é large number of cross
bombardments carried out when studying adjacent'isotopés of Lr or'nearby
" isotopes of No or Rf.' Also the activity has been established to have as a

precursdr'é.9;l-MéV, 1.6-sec alpha-pafticlé emitter.

257

cC. Lr

As discussed previously, the 8.6-McV, 8-sec alpha-particle activity dis-
covered in Berkeley in l96ll‘and shown to be an isotope of element 103 was

»tentéﬁively assigned to mass number 257. Subsequent work in Dubna failed to

2h3

confirm such an assignment and experiments carried out by bombarding a Am

target with’lso ions suggested that 257Lr has decay properties very similar

to those of 256Lr with 8.5<Ed58.6 MeV and Tl/2 = 35 sec-.z’3

2k9

In our bombardments of the Cf target with lSN ions with the primary -

goal of making isotopes of element 105, a pronounced 8.87-MeV, 0.6-sec alpha-

particle group appeared in the spectra.LL By producing this activity using

15 249

three_diffefent projeCtiles,‘llB, 2y and N, on the " °Cf target, we have

'qoncluded1that the activity must be due to 257Lr. The excitation'fungtiqn for
", the 8.87—MeV, 0.6-sec alpha-particle activity produced by Mg ions is shown

in Fig.'h. It is the very low peak cross section of about 7.nanobarns-for
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24,9

the Cf( B 3n ) Lr reaction that enabled the 0.6- sec - act1v1ty to evade

being identlfled-ln.earller experlments The ex01tat10n functlons for the

8. 87-MeV 0.6-sec and the 8 6-MeV, 4.2-sec alpha activities produced by 15

ions on 2h9Cf‘ are-dlsplayed in Fig. 6. 1In addition there_ls an asterlsk labeled

258

_257Lr and ‘an arrow marked “’°Lr on the same plot. The former shows the measured

cross section of 257Lr and the latter an upper limit for the cross section of

258Lr.' The values were derived from a 36-pahr bombardment of'2h9cf;with 81-MeV

14

N ioﬁs. It is evident that the ratio of the cross sections changes drastically

14

when o4 is substituted by *N. Such a behavior is in accordance with the

257 258

Lr and Lr, for then ih.one case the:re—

249

assignments of the activities to
actions would be 21*9Cf(l5N aB3n )257Lr'and

259Cf(luN;02n)257Lr and 214'9Cf( N;on)ZSBLr. It has been found that an om reaction

Cf( N o2n ) Lr, in the other
has a very small cross section compared to the cross sections of a2n and a3n
reactions-(cfg'Figofz of Ref, 11);

The 8.87—MeV, 0.6-sec activity was also observed in bombardments of

of with Téc and:l3c sons. 2 At the time when therresults of these ex- .

249 ,
_perlments werelreported we were unable to‘give an unamoiguous-assignment.tof
the activity,-beeahse of its'low cross section and iqterference from 8.87-Mev;
;.25-sec lemPo,'.However the activity was explicity excluded from the peaks
as31gned to rutherfordlum 1sotopes because of its shorter half life.

The complete display of the series of alpha-partlcle spectra produced

by bombardments of Zhgcf with 15

‘N ions is presented in Ref. h Results of‘an'
ianalys1s of the complex alpha- partlele groups at 8. & MeV and 8. 87 MeV by the
»%AMPO computer program are shown in Fig. 7 and glVen in numerical form in Table I _
.as energles and 1nten31t1es of the alpha- part1cle groups a351gned to 57Lr'and
258 '

Lr. We have.recently found an alpha-active 8.93fMeV, 2-sec precursor to

' the 8.87-Mev, 0.6-sec 22TLr and an 8.5-MeV, 50-sec precursor to the 8.6-MeV,
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258

L-sec Lr.'-In'each case the genetic relationship has'been established

both by the recoil milking method and by time-correlation measurements.6

D. 258Lr

‘Decay properties and ways of producing the 8;6§Mev, h-sec alpha activity. -

were already tquched'upon in’the’preceding section. Both bombardments of

24 Cf and 2h8cm by 15N ions produced this activity. A series of-albha—

particle spectra from the latter target-projectile combination is displayed
in Fig. 8. 1In these spectra the peak at 8.61 MeV is also seen to be complex,
although the energy resolution in the'spectra is not as gdod as in the spectrum

in Eig. 7. Most of the peaks in the spectra have been induced by a lead im-

259

purity in the’target. The 8.45-MeV, 5.4-sec peak has'been assigned to ~“7Lr.

. The exgitation-curvés for the 8.6-MeV and 8.45-MeV activities produced in bom-.

bardments of thCm by 15N ions are shown on the_right-hahd side of Fig. 6. The

peak cross séctioﬁ, about 200 nanobarns, for the 8.6-MeV activity is attained
about 8 MeV higher than that for the 8.45-MeV activity, which is compatible
with the former being produced in a 5n reaction.

The 8.6-MeV, L-sec alpha activity was also observed in bombardments of

2ho9 12 11,12

Cf with "°C and 130 ions. In the former the activity was produced by

oL q S
the 2+9Cf(120,p2n)258Lr reaction and the excitation curve was broader than

249 1

that observed for the Cf(lzc,hn)257Rf reaction, The peak cross sections

were almost equal. The 8.6-MeV, L-sec activity was also observed in a bombardment -

"of a zuhPu targetvwith 19E ions.

254

'Althodgh the decay properties of the alpha-particle daughter Md_arev

-unknown, it is expeéted to decay predominantly by electron capture. We looked

e
for the alpha-particles emitted by the 3.2-hour 251+Fm in the off-wheel position -and



UCR(I,-zouhz'
- 10 -

for 620 observed decays of 258Lr some 300 decays- in the_7,13 to 7.22 MeV range
were observed. Accounting for the losses due to decay andvgeometry factors,
vas.wellfas for the fact that each movable detector only spends half of its

time in the off-wheel position, one would expect te detect some 200 decays of

25k 258Lr atoms. The excess of daughters is
zsth, the electron-capture daughter of

Fm atoms corresponding to the
probably due to direct production of
~which then transfers ontQ.the_detectors with low efficiency.

259

E. Lr

The assignment of the 8.45-MeV, 5.h-sec alpha activity produced in bom-
nts of 248 15 '

. bardments of ' °Cm with ~’N ions rests nainly on the excitation curve measure- .
‘ment presented in the right half of Fig. 6. On the basis of excitation curves

only, one cannot dlStlngulsh between 3n— and hn—reactlons and, consequently,i

260 250

Lr is an alternatlve asslgnment. In recent bombardments of a

lSN'ions;xboth the 8.45-MeV, 5 h-sec'and the 8.6-MeV, bL. 2-sec activities

ctf target
with

were observed.  This supports the contentlon that the first. act1v1ty belongs

to 259Lr, because a2n- and o3n- -reaction cross sectlons are expected to be

comparable (cf. Fig. 6) whereas on4reaction cross section leading to.zéoLr

should be lower by two.orders of magnitude accordlng to Slkkeland's calculatlons10
and make the yleld too small for observatlon.

255

‘A genetic relatlonshlp between 59Lr and its alpha-decay daughter Md

could not be established This was because of only 10% alpha branching of"

255Md.13 The few alpha-decay events expected could not be dlstlngulshed from
the background caused by the 7.44-MeV alpha-partlcle group of 11 0.
F, 260Lr

In recent bombardments of a 600-ugm/cm2 2!‘thk target with 95-MeV l8O'ions',

we observed an 8.03-MeV, 3-min activity which we assign to 260Lr, A'compariSOn
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of the amounts'of-this activity produced when two 2h9Bk targets differing
almost by an order of magnitude in the amount of Pb impufity established that

215 223

8.0-McV "T7AL ieplenished by 2.2-min Ac could not be the source of the activity.

The alpha—parti;le spectra resulting from the bombardments will be published
shortly in another article dealing with isoﬁopesvof hahnium.
To'ideﬁtify the 8.03-MeV, 3-min activity we looked for:spontaneous fission

256

events from the decay of

256

Fm, which is the électron-cépturé product of the

Md, the alpha-decay daughter of 260Lr; To reduce the number of

decay of
25 .

Fm atomS'recoilihg from thé‘wheel onfo detectoré as a result of éleétfon
gapéure‘decay of.zséMd produced directly.iﬁ the bombardmént, a négati&e 10V
: potgntial was‘set between the wheel and the detector faces and an Ar gasv
_préssﬁrevbf abbut 2 torr was maintained iﬁ the region. In addition extra

steps were given to ﬁhe wheel every 80th of the 4O-sec wheel éycles._ Even
‘with these prohibitive measufeé about one and a half fimes as many fission
;eVents were detected as expected in the off-wheel.ppsition on the basié of the -

counts in the 8.03¥MeV peak. The timing of the wheel wasvtoo fast for effective
' 260

separatibn of those fission eventé_that had a “°"Lr atom' as their predecessor

256

from those that were deposited on the wheel as Md atoms. The distribution

of the fission events recorded in the off-wheel pbsitibn showed a decay.which
is consistent with a 3-min half 1life, but the presence of background counts
makes the evidence somewhat short of conclusive.

The 8.03—MeV, 3-min alpha- activity was also produced by bbmbarding a
15

l.h—mg/cm2 21+8Cm target by 78-MeV ~’N ions. The series of alpha-particle

Spéctra resulting from this experiment is displayed in Fig.v9. The yield of

the 8.03-MeV activity assigned to 26OLr correspohds to a cross section of

about one nanobarn, while the measured peak cross sections for making 257Lr~aﬁd
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[ . - . .
2)BLI‘ are about 40 nb and 200 nb. The small 3n-reaction cross section is

striking but not in variance with others observed in this region.

IV. DISCUSSION

A suﬁmary_éf experimeﬁtal data obtained in this study is presented in
‘Table I. The érrors given mainly reflect sfatistical uncertaihties, but iﬁ
‘the case of4the alpha—partiéle energies the uncértainty ié moétly Caﬁséd by
calibration errors. "The alpha-energy calibration has beén based on ihterhéi'
- energy Standafds;'the 6.773—MeV peak of 213Fr and the 7.&&3-Mév ﬁéak of
2llp, being mo$t suitable for the purpose. The line-up of thévgains and -
thresholds in all.of'the 28 detectors was done prior to an expefiment by use
of pulse genéfators calibrated by the 6.64-MeV alpha-particle-gfoup of ?53Es
samples. The final line-up of the spectra was done during the,data—handling
phaée by the 6600 CDC cbmputer uéing Péatero's'method.lhl |

Alpha-décay'hindrance factors have been calculated using the spin-

15

"independent (£ = 0) equations of Preston. This forﬁalism-was chosen because
its wide use makes it easy - to compare hindrance féctors-with values cited in

other works._ The rédius parameﬁeriR for the Lr isotopes was chosen to have

255

values with 0.05 fm increments starting from'9.25 fm for Lr to 9.50 fm for

269Lr{ This choice was based on the genéral trend in the behavior of R values
for even-even'fermium>and nobgliUm alpha émitters.

Becausé we have not done any gamma—ray.spectroscopy to support the level
_scheme information, only qualitative discussion of finer details of nuclear
" structure is possible. A cursory glance at alpﬁa-decay hindrance factors in
Table I shows that for each isotope there are transitions with é hindrance

factor of less than ten. Such low hindrances factors for odd nuclei are

characteristic to favored alpha decay which leaves the last odd particle in
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the same ofbital in the daughter as in the parent. According to the single-

i : ‘
6 the 103rd proton should occupy

particle level scheme of Nilsson et al.,
the 9/2*[6241];1éve1 in the region of 250<A<270 for deformation parameter

¢ 0.2k and ¢ distortion of 0.0k. A transition from the 9/27[6241] level

to the 7/2;[51h¢],1eve1 which seems to be the ground stdte for several Md
iSotopeé is strongly hindered Because of a change in parity as ﬁell as in |
relativé Orientation of orbital and intrinsic spin components A and ¥ of the
-projection of the Qdd particle angularvmomentum Q.

In the case of °2”Lr it is possible that the broadness of the 8.37-MeV
alpha—particle'peék, which has been ipterpreted as being caused by two alpha—
particle grouﬁs,éf approximately equal intensity, may instead be due to sum-
mation of gamma fays'or'convérsion electrons coincident with the alpha particles.

Assuming that the 8.81-MeV alpha-particle group of 2ot

Lr populates the
11/27(62h 1] state, i.e., it is the first meiber of the rotational band built
on 9/2+[62hf] Nilsson level one obtains a reasonable value of 5.5 keV for the

rotational constant hZ/ZS.

256 258

Boﬁh of the odd-cdd isotopes Lr and Lr hévé cémplex alpha-pérticle
spegtra, However, it is difficult to,give even spéculative Nilsson assignments
to any of the 1evels populatedvinde daughter isotoﬁes on the basis of hindrance
factors. Assuming that the odd proton is in 9/27[624t] state, the 153rd neutron
in l/2+[620T] and ‘155th neutron,in'7/2+[6l3f] state, an application of Gallagher-
256 258

Moszkowski rule gives ground.state spihs of 5" and 8 to Lr and "7 Lr,
ﬂrespectively.

An upper limit to EC branching for’most_of the Lr iso#opes studied ié
given in Table I. These limits have been obtained by comparing the ﬁumber

~of observed alpha-decay events resulting from the decay of Lr and No isotopes



A ’UCRr-20uu2
of the same mase number. It has been eesumed that none of‘fhe'No atoms were
produced directl&vby a pxn-type reaction.: Also it has'oeenvassnmed that the_

255 257,

EC branchings of the No'isotopes are negligible. Both‘for No and No -

- we have found the alphd decay mode to be predomlnant by studylng the genetlc"
sequences 59Rf No and lRf 2)71\10.17. Such a measurement was also
cerried out for'256Lr when 260Hé was first prOducéd.y:‘&he'ratio of theAb
'number of obServed elpha—recoil-daughter atoms to tnaf of observed parent

260 256

atoms for the eequence Ha - """Lr was 2;8t0.h.,,The calculated ratio based

on timing and geometrlc factors ylelded a value of 2 T, On fhe'bA§is of‘these
values and allowrng ‘some uncertalnty in the geometry factors, one gets an
upper limit of 20% for EC branching of 256Lr} For 58Lr the limit is basedA
on the assumptionvthat 25'8No decays predominantly by spontaneoue fission with
"a half-life of 1'ms;18. In the case of 259Lr no meaningful 1imit could be

259

set for EC'branching because 57-min, T7.52-MeV No (Ref 19) ‘was hlghly dlscrlm—

finatedfagainStRnnder the experimental conditions used. Because of the abundance of

256

Frn produced”in_the bombardment,only.a very crude‘estimate of‘the upper limit
S .. 260, . e : . 260 o L
for EC branching of Lr is possible. Assuming that. No decays by spontaneous

fission one obtains a-value of LO%.

The last column of Table I gives the various target and projectile com—. 
binations, which have resulted in making any particuler Lr isotope. In many
cases Lr isotopes have not been‘the.primary object of study and have been pro-

vzu9Bk'and 250

duced by'pxn‘or.omn redctions. ”Bofh cf targets were used

at the very last phase of this.work and a more thorough report on these ex-
fperiments'is“forthooming.6 The results from all the reactions indiceted in
the lastvcolumn of Table I are consistent with one anoﬁner and this.fact.

snpports strongly the mass assignments proposed.
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The alpha—dcéay enefgies plotted in Fig. 10 as a fanction of neutron

'. number représent}éither an'estimate of Wapstrazo or an.experimenfal valusv
obtaine@ byvtaking the energy of the highest observed alpha-particle grsup and
correcting it for recoil energy loss. In addition to the new data discussed
earlief in the‘text, tentative values‘for 2u8Md, 2h9 Md (Ref 9) and 259No have
been plotted.

_ It is seen that the infiuencé ova 152 neutrsn subshell perS1sts
through the dlsplayed range of 7 values and even seems to become more pro—
nounced w1th an increase in atomic number. For several mendelevium 1sotopes»
both the experimental and ésfiﬁated Qafvalues are plotted to poinﬁ.out how
the observed vaiues consistently deviate from the estimated ones by several

256

Md, where a weak alpha group has been observed

13

“hundred keV. An‘ekception is
with an eﬁergy thaf agrees with the estimate.”~ . According tb the single-particle
level scheme bf:Niisson et al;,l6 there is a fairly large gap at Z = 100

between the 7/2-[5lh{] and 7/2+[63311 protsn.levels in the neighborhood of

mass number 252 with € = 0.23 and €, distortion of 0.0hfv An alpha-transition
from the 7/2 (5144 level to 7/27[6331] level is substantially hindered because
of the difference in parity. Thus the.favored'transition to the 7/2—[5lhi] level
is preferred even though this level may lie several hundred keV above the

ground state. |

| | A behavior.quite similar to the one at Z = 101 seems to causé an apparéntv

258 2594 259 260, 261

reductlon in alpha decay energles at Md, No, Lr and Rf i.e.

isotones with N = 157. In the case of 57Fm where detalled decay information
_is available, Asaro and Perlman21 have explained'this by assigning the ground
‘ . : + a '

states of 257Fm and 253Cf to 9/2+[615l]‘and 7/2 [613t] Nilsson levels. The

253,

favored alpha transition then goes to the 2L42-keV 9/2+[615$] level of. cf.



 UCRL-20k42

- 16 -

Perhaps thé most interesting general trendAdiscernible'in_the'plottéd
experimental alpha;decay energies is the'apparent'reduétién in the spacing of
éurves for successive Z-Valﬁes.above nobelium. It is ﬁcsflevident for the
N = 155 isotones,»for which data are available up to hahniUm; Although ail
the evidence for decrease in.the rate of change”for a}phaadecay enefgies when
going from No to Ha is based on odd-A isoto?es, the phénomenonbseems genefal.
enough to suggest that it is real and may be caused by a local shell effect
or a fringe effect of,a more remote major éhell; The latter could manifest
itself as a tran51t10n region from deformed nuclear shape to spherical one. -

We would like to express our grateful appre01atlon of the expert help -
given by the personnel at the Hilac in all the phases of this research effort
and to our colleague, James Harris, who was instrumentél in tﬁe preﬁaration

of most of the targets.
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Summary of Experimental Reaults oh Lavwrencium Iéotopes With Mass
. Numbers 255 Through 260. : '

Half-Life a-particle Intensity " a-decay Upper Limit - Ways of Productlon
: : -energy ) hindrance for EC N
[seec] [Mev] (%) factor - (9)
25 225 8.37%0.02 50 2.k 30 2430, 164
8.35¢0.02 ~50 2.0 249 p, 105 11y
2567, 31£3 '8.64%0.02 342 490 20 246, 5y
: 8.52+0.02 19+3 30 21‘9}3k+1zc
8.48+0.02 133 36 24900, 105 n,
.8.43%0.02 34l . 8.8
‘ 8.39%0.02 23%5 9.7
- 8.32+0.02 8+2 1.6
25T, o.6%0.1  8.87:0.02 8122 2.1 15 T
" 8.81%0.02 19¢2 6.0 24954120 160
: _ l*9c1’+1113,12 13, Ly 15y
2500p4 10y
2581, . k4.2:0.6 8.68+0.02 Tt2 55 5 2hhy 2%
' 8.65£0.02 1643 19 2o Loy
.8.62+0.02 4¥1e3 5.4 248, 1oy
- 8.59+0.02 30tk 6.8 : !*9Bk+lzc, 16 ,18
: ) v2h9cf+15
2500f+15
29y 5.440.8 " 8.45:0.02 100 1.1 248 e Loy
- ©250,,,15
ce+toN
2601, 180#30 . 8,03£0.02 100 1.7 %0 248 oo Ly
. ’ L o 2k9_ 18

Bk+7 0




‘Excitation curves for Lr activities produced in bombardments of -
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FIGURE CAPTIONS

‘A.schematic representation of the vertical wheel systém with seven deteéting _

stations. - On the right-hand side a cross section Qf_one of the detector

stations is shown.

249

A series of'alpha-particle spectré produced by bombardments of Cf with

lOB ibhs}'-The indiyidual_spectra show the'tdtal of counts recorded -at each

‘of the seven stations by the two movable‘detectors'when facing the wheel. -

. The sum of the seven spectra is plotted . topmost. The wheel-cycle rate,

thc iﬁtegfated:beam reading'and the bombardment-energy are indicated in

- the figure.

A compariSOﬁ of alpha-particle spectra resultiﬁg from bombardments of

249

Cf with 59 MeV and 71 MeV “B ions, as well as 65 MeV OB ions. In
each éése_the first two‘time subgroups, i.e., lZ;S'Seconds following the

end of each collectiﬁg period, has been excluded'to eliminate short-lived

activities.such as the 3.2-sec ?Séﬁo.

2u90f'with

11B ions. The error bars indicate an uncertaiﬁty of one standard deviation.

A series of alpha-particle spectra produced by bombardments of 21¥9Cf with

llB ipns; .Both the arrangement of thé_spectra and the data pertinent

to the bombardment correspond to those in Fig. 2.
‘ ' 257, 258

Excitationvcurves-for_the activities assighed.to-- Lr,
produced frdm either bombarding 29 >
' 257 258

Lr and " Lr indicate the crqsé section and an

259Lr

Lr and
cr or 2®¥m with 1N ions. The asterisk
and the arrow. labeled | o
upper limit for the cross section for producing the acfivifies by bdmbarding:

2k9

Cf by l&N ions..
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.. A fit by SAMPO. computer program to the 8.5 to 9.0 MeV alpha—particle

_ energy reglon 1n the sum spectrum resultlng from bombardmcnts of 21¥9Cf with

15 258

Lr and the
210,211

N'ions._ The quadruplec at about 8.6 MeV is 8551gned to
doublet at about 8.85 MeV to 257Lr.4 The peaks at;6.538 MeV ( Fr) and .
6:773 MeV (ZlBFr) weré used for both shape and eheféy‘calibrations.

A seriesjof.elphé-particle‘spectrdkproduced by bcmbardmente ofIZhBCm with

15

N ions. Both the arrangement ofvspectra and the data pertinent to the

bombardment correspond to those in Fig. 2.

A series of.alpha-particle spectra produced by bombardments of 21+8Cm with

15

78—MeV' N ions. Both the arrangement of the spectra and the data pertlnent
to the bombdrdment correspond to those in Flg. 2.

Alpha decay energj as a functicn'of-neutron number. The black circles.
correspdnd to the highest known alpha-particle group and the open circles
are those estimated by'Wapstia by interpolation and ¢ ; B-decay chaiﬁs;v

It is seen thet the influence of the N = 152 supshell on alpha decayvenergies:

persists up to highest knoﬁn Z values.
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This report was prepared as an account of work sponsored by the.
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, .subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness. or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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