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THE BERKELEY HILAC HEAVIEST ELEMENT
RESEARCH PROGRAM |
| .+ Albert Ghiorso
Lawrence Radiation Laboratory

University of California
Berkeley, California

Dr. Gﬁiors5 (University of California LawrencevRadiation Laboratory,
Berkeléy, Conference Speaker): Thank you, Glenn.
I feel very honored to be giving this talk today as a participant in
this celebration of the 100th Centenary of the Mendeleei Periodic System. I
was fortunate to be one of those who participated in the discoverylof element -
101 and I mighﬁ'recall that we named this new element'mendelevium_at a time
 when perhaps it was not ﬁhe popular thing‘to do. Nonetheless, the name waé an
excellent chdicevand has received universal acceptance.
| Today I would like to talk about a new element (at least we in Berkeley
‘consider it a new eiement!) and some of the consequences of our recent work.
Now, this is obviously a very co@plicated subject and mény of you
are not femiliar Qith the intimate detalls of this kind of work, so I have tried
to put tqge@hé;ﬁphis paper in such a way that it will expose you to thé‘maximum'
amount of information fhat would be meaningful. I am going to try.ﬁq do this
by using both the transparency projector and slides, and at times ﬁhey will be
on simultaneoﬁsly. I hope this will make it é little easier for those of your
.¥ho wanf to study.tﬁe detailed déta._ |
Well, let me startfout by remin@ing you of_my‘colleagues who are
inyolvedvin this work. These are Matti Nurmia and James Harris of the

Lawrence Radiation Laboratory and Kari and Pirkko Eskola, e husband and wife
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| team on leave from the University of Helsinki, Finland. Robert Silva of the
Osk Ridge National Laboratory jolned us temporarily to'help'dn the chemistry
experlments with élement 104 which I will describe later.

| My'talkﬁwill‘cover, first, the element 10k alpha emitters which we
havezfound-during thé_last year and a‘halffzsecond, a description and movie of

, . ,

some very recent chemistry experiments which have been completed successfully
using a 1onger-lived isotope of element 104 that we have discovered recently;
énd,third, ouf;ﬁdrk on spontaneous fission emitters which seems to fail to
confirm the oldér claims made by the Dubna group to the discovery of an isotope

of element-thﬁ

" A. TARGET MATERIALS USED IN HEAVY ION BOMBARDMENTS

Figure 1 - Heavy?Nuclidé Chart

v I ﬁill'start by discussing possible target materials for use in
trahSmutatiOn.éiperiments to make element 104, The ¢hart'yoﬁ see heré’shbws
only'the.heavy eélements. ‘The imﬁortant target elementS'aie made ordinafily by

reactor-neutron buildup. Baéiéally, the method starts with the very abundant
239,

nuclide, , and bullds the heavier elements up by a process of neutron N
capture and\beta decay. The outstanding work in makinthhe intense neutron
irradiations and the necessary accompanying chemical separations 1s being done
by the ORNL High Flux Isotope;Rgactor and TRU facilities in collaboration with.
the Savahﬁah River Laboratory. | |

One can progress far up the table--up to 257Fm-;-bﬁt that is as
far as one can go_with reactors. Along the way, one has soﬁe very interesting

242 24

target nuclides.r Pu and Pu, which are long-lived, are very good building

materials for elements below atomic number 104. Americium, element 95, has two
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‘Fig. 1. Heavy-nuclide chart
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useful isotopes suitable for targets, Zh;Am and m, but they are deficient

in neutrons when one compares them with the curium isotopes that are available.

Curium has a large number of isotopes that can be used, all the way from 5-month

2h2 2480, It 1e this latter isotope, 2'0Cm, thet we have bom-

26

Cm to long-lived

18

barded with =~ O ions to make & TO-second alpha emittér, l101&, for use in our

chemistry experiments.

250 | . . o
2 Cm would be a very desirable target material, but unfortunately

it ié diffiecult to make . in useful quantities with reactor neutrons. Recently,
in a‘sense, 1t became available—-unfortuhatély it is down about 2000 feet in
Nevada! Thefe is a fair émount’of it there, but’unhappily for ué at the
momént, it 1s very expensive'to recover. As George Cowgn will describe; it

was produced in a nucléar explosion. It is a fairly rich material--about ten
pexr cent in mass relétive to the other curium isotopes. It would be very
interesting to bombard_this matérial with.hsca and it is my candidate for 5eing
the most useful for making nuclides 4n the never-never 1and up there around
element'llh.v-But.whether ﬁe get any of it or not is simply a matter of money;
and we will have to seevDr. Seaborg about thét!» No’small amount either. The
"cost is.up in the millions of dollars.

249

'The next good target méterial one gets to is Bk with a half-

1ife of aimostia-year; Unfortunately, it is not very abundant--it tends to

be allowed to beta-aecay‘into the more useful form of this mass as californium.

Zhgcf is the target material which wé used initially to make the isotopes 257lOLL,
258104 ang 299104, We would like to use 290CF, except that it is presently

252

mixed with the 2.6-year Cf, which has & 3% decay branch by spontanecous fission.
This produces the nuisance that it is also an intense neutron emitter and thus

very hard to handle.
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When one gets up to element 99, einsteinium, we find.that the most

253Es, has a half-1life of only 20 days. Experiments become

abundant isotope;
' b
25 Es

excéedingly difficult but they can be done when the results warrant it.
is longer-lived, but we do not'yét have this nuclide in microgram quantities-
_zssﬁé”is'short¥lived5'only 40 days, and again we do not really‘have very much
of it yet.

257Fm is the heaviest nuclide that 1s obtainable. from

- Eighty-day
réactors, but tﬁe'amount will probably alﬁays be miniscule. The best source
for this méterial is a nuclear explbsion with the afdreméntioned recovery
difficulties. | |

B. SOME PROBLEMS ENCOUNTERED IN THE SEARCH FOR NEW ELEMENTS
As é vétefan-isotope hunter among the heavy elémenté,'I can assure

you that,.in general, one prefers to look for"albha emitters. This comes about
because &n alpﬁa-partiéle'decay with 1ts distinctive energy and haif—life can
be very specific in identifying the pérticulér nuclide that emitﬁed thé alpha
particle. There are overlapping éases vhere one has to worry about impﬁritiés,
but by and large,‘one alpha particlé, I used.to 58y, was worth a hundred spon- -
taneous fissions. Fisslon decasy is not very specific.

| Now I must raise this estimate by another factor of a hundred--
thus making one alpha particle worth ten thousand fissions!y At ieast, Wwe have
‘produced thouséhds of fissions of sohe activities and we find thaﬁ evén aftér
working very diligently, we stlll are not. really sure of their atomic and mass
numbers. On the other hand, a few tens of alpha-particle decays héve been

sufficient to characterize many nuclides with commendable accuracy.

One of the most fundamsntal problems that has to be faced is that
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.caused by the_véry small cross section that is typical.for the production of a
new.heavy nuclide'by means of heavy—ion bombardment of a.heavy~elenent target.
The reason thét.thé production cross séction is small is that it has to compete
with fission at each stage of a reaction where neutrons are emitted in a cascade.
For example, let us take a heavy ion--say lBO—-bombarding a curium nucleus.

The iesultiﬁg heuﬁron-rich'compound nucleus of element 10k can have & chance of
either e?aporating é neutron and golng to the next stage or being destroyed by
fission. The compétition 1s very rough--about one pef cent surviye at éach :
step. -If very many neutrons have to be evaporated, the losses are excessive

0-33 .2

end one has to contend with cross sections of 1 cm, & nanobarn.. With a
nandbarn cross section‘expefimEnts‘ggg be performed with modern techniques,
buﬁ it is not_thé easiest thing in the world. One does not get a loﬁ of
activity! | |

The éompiexity of,the'interactions, of course, can become
formidable. We find reactions where not only neutrons are‘evapérated but
also alpha particles and'protoné, or indifect reactions where effectivély alpha
particles or protons are emitted. Consequently many nuciides'can be produced
.simultaneously bothlamong the heavy elements and among the lighter elements
in the'region of 126 neutrons between lead and uranium. These "light"
alpha eﬁitters'beCOme a problem because certain decay chains give rise to -
alpha activities thaﬁ resemble thevheavy ones in energy and half-life. They
ggnvappegx'ig these‘experimepts from reactions with impurities of mercufy,
thallium, lead, and bismuth af the nanogram level in the target so that specigl
care ‘has tOo be taken in the purificétion of the targét material. |

_Thé other approach to looking for a new element is to try to

find a spontaneous~fission emitter with a distinetive half-1ife. The 14-ms

f
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‘nuclige, thAm,*was discovered in this way by the people at Dubna When they

bombarded thPu with neon ions hopefully trying to make an isotope of element

104. oOf éourSe, it was_a tremendous disappointment for them when it turned

out to be an isoméf of americium. Beéause of this extremely important find,

the usefulness of‘spontanéousffission was dééraded terribly as an indication of
atomic numbe}. Since that time, many more fission isomerévhave been fOund,land

it has becbméva verj interesting fieidiin 1ts own right. The Russlans weli

deserve the credit for unédvering'this_new type .of isomefism, énd as Dr;'Strutinsky
and Dr. Bjdrnholm will show, there are some yery'important'consequéncés.stemming
from,this research. ILater in thié paper I will return to'fhé'problem of tﬁé
Russian work on é pfesumed elément-th'sponténeous—fission emitﬁer.

Figure 2 - Vertical wheel éystem for alpha emitters.

Let me nov describe our present method_fdr deteéting the alpha;'
particle emitiers that are prbduced by heavy-ion Bombardment of heavy-element
targets. The method shown here has become standard for those'aétivitiés'with
half-lives longer than a few milliseconds. The partiéie beam, coming from the
left,.passes thfough a series of degrader fdils which lower the energy of the
beam, and then through the target chamber to bé brought to rest in a'Faraday
' cup.so as to provide'ad integrated measure of the number of beam particles.

. In our case, thé‘Hilac beam energy is 10.4 MeV per nucleon and we typileally
desire to degradé it to around 5 to 7 MeV per nucleon. Passihg through the
target, it ejécts the recoils of elément 10k inﬁo a chamber which is filled
with helium gas at a_pfeésure of .a few hundred torr. The range of thesevatoms
ié of the ordér‘of a centimeter of two for a reactibn produced by okygen ions.

',The rccoils stopped ih the gas are then carried by the gas stream k

it
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through a'smail ofifice into a vacuum maintained at a fraction of a torr by a
large mechanical blower pump. The gas moves very rapidly and, deﬁending upon
the.targét-chamker'dimensionsvand the size of the orifice, the time for a
recoil atom to.move from the point where it comes to rest after ejection from
the target to its final resting place on the collector can vary from ~1-100 msec.
| Afterfgﬁing.through the orifice thebétoms strike the wheel. In vacuum,
under experimental conditions which can sometimes be very mysterious, either
all will stick or»perhaps es little as thirty per cent of them. We have ex-
perienced a large variation with different techniques. At the moment we
believe that we are approaching lOO% efficiency but are not certain why. It
seemé to depend to some extent on what impurities are in the gas. One ex-
planation that we can offer is that a véry heavy'cOnglomerate of the element-
104 recoil aﬁd-an oil droplet, for instance, has a.mass that is so very heavy
that the particle can be carried through thé‘orifice and stick to the wheel
with a high efficiency. We have observed that if the gas is very pure the
efficiency 1s much less. It is a very ticklish kind of thing and can depend
upon outgassing of'sdrfaces,,etc.' | o

vn’After a given peribd of deposiﬁion, the wheel is cyciically rotated.
- VGry<swif£ly to a'poéition where the alpha-energy spectrum emitted by the
recoils can be measured with a solid-state detéctdr.* The number of events with
a given energy and their decay are measured during the interval of time that
'elapses until the next.group of atoms 1is placed in front of the qrystal detector.'
The angular rotation of the wheel is chosen such that the saﬁe péint of depoéition

on the wheel is not repeated until all 239 others have been used.

*The detectors were manufactured to our specifications by ORTEC. These semi-
conductor devices were made of silicon with a gold surface barrier and had en

8 mm diameter and a depletion layer thickness of 100 microns. The lip of the
supporting ceramic ring was kept very small so that the crystals could be mounted
with tieir faces close (~0.7 mm) to the wheel periphery. The detector performance
was excellent--being only marred by fast-neutron degradation. When the resolution
nad become degraded to a noticeable extent, the crystals were easily replaced.
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By using a nuhber of detectors around the periphery of the wheel,

each group of atoms can be measured that number of times and so provide further
decay data. The 311dé is a séhematic version of our 0ld four crystal-position
'sysfem, The equipient’has'now been ﬁcdified to pro#ide_five crystal positions.
Later:I will éhow'a slide of that system which demonstrates how we'useitwenty
cryétéls to record the milking of thé alpha-recoil daughters coming from‘decay
of isqtopes'STEélement 10&:

Figure 3 - Nuclide chart in the 126-neutron region.

The impurity problem that I referred to earlier:caﬁ be very taxing
atAtimes. Fortunately, once it is known that this is a problem it can be taken
into account if its magnitude is not too intense. As an example, one of the -

~activities that is found is 211mPo, the 25-second isoaef.which has gn’alpha
energy (8.87 MeV) in the range-that‘ﬁe are searching, but fortuhately has a
25-sec0ndbhalf-life. It also has & very‘pro@inent group at T7.27 MeV:which
cen bé used to‘identify how much of an 8.87 MeV activity it is respéﬁsible for.

One alsbvmakéé”ZIZmPo,'a;h6-second isomer with the vefy high alpha-
partiéle'enérgj'of 11.65 MeV and;'again, it.can be‘uéed as a measure of ﬁhe'
amount of lead or bismuth in the target. Other ways of determining the extent
of light impurities can be utilized-—such as, measuring the various radium and

francium isotopes produced by 1z

C or llB ion bombardment.

We have recentiy uncovéred another problem that has plagﬁed us in these-
experiments. It is q.phenomenon which we do not yet understand that we call
"self—transfer;" We find thaﬁ,’in vacuum, a fraction of the atoms on the
wheel, 6f their éwﬁ volition, will leave the wheel and go over to a facing
crystal. We ﬁave observed_this phegomenon in the case of ZSOFm and
25

L . - , :
No. Only a few per cent of the atoms do this but we do not understand why

it happens at all. Qualitatively, the effect does not seem to depend upon the
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surface. It Happeﬁs fromlplastic, plﬁtinum, or aluminum surfaces. It does not
depend upon thé-cérrier gas; it happens.to the same extent with hydrogen as
with helium. It does not depend on the amount or sﬁrface density of the
activity} 'we have changed the pressure in the general région near the crystals
without seeming to affeéf it. It 1s simply that some of these atoms spontan-
eously seem to leave the collecting surfece. If the wheel is not moved, the -
effect is no£ observed, so obviously it 1s not caused by direct collection of
the activit&‘oﬁ the crystals from the gas jet. On the other hand, the effect
1s observed simply by quickly removing a crystal whiéh is_fécing the wheel end
counting it away from the wheel. The interesting thing about this phéncmenon
iS‘that'its'appareﬁt "half;life" in the case of fermium is about two seconds;

25U

but in the case of No, where we have also observed it, the half-life 1s

only a fraction of & second. We have not observed the self-trensfer of the

213Fr. The problem was troublesome to us

prominent activities, ?lhRa and
because in certain cases 1t could simulate the legitimate transfer of daughter
atoms recoiling as énfesult'of the élpha.decay of element 10k mdther'atéms.
‘The odd half-life effect also troubled us because>at first we attributed it to
a large loss of activity from the wheel. We worried that we vere measuring
half-lives properly. We were reassured when we found that over a wide range
of half-l1life ﬁe 6btaiﬁed the same periods for well~known nuclides as those
ﬁhich had beénvmeasured by other techniques.*

This then is the method with some of its problems. Iet us pass on

to the results obtained.

x _ .
Subsequent to the Conference we have performed new experiments which seem to
indicate that the transfer effect 1is_caused by nuclear recoil from isomeric
transitions to the ground state in ¢?“Fm and 254No.
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C. THE EIMENT 104 ALPHA EM[TI‘ERS

w

Figure 4 - Alpha pa*ticle energy versus neutron number.’

This is a standard kind of alpha-particle energy veréus neutron-number plot
for the'heéviést even-Z elements and demonstrates the typical behavior around
the 152;ﬁeﬁtrontsubéhell. Wheﬁ thisislide wéé made some years ago, these were
the.predicteé ?bsitions for éle@ent th, ana I wili show a slide later on of
_ﬁhere:tﬁey fit in now. | |

249e (F2c, 40 )25 Tron —2L f'gos;cs"oo MeV

This is the reaction used in the experiments first performed ini
JulyVOf.l968 when we observed an alpha-emitting iéotopé'of element 104. The
latest target‘used has 60 micrograms of 2u9Cf in a circle'3/l6iinch»in diameter;-
Two other targets were used before this onepwhich gaVe'similar results. We find
a very complex alpha-particle struéture in thé.decay of-25710h with groups at o
8.70, 8.78, 8.95, and 9.00 MsV.

Figuré 5 - Alpha spectra from 25710&.?:

The cross section, 10 nanobarns (105320m?), is relétively large

by our present standards. We obsérve about 30-alpha counts per hour at a beam
level which dares not be increésed by a factor of one and one-half without risking
the destructioh of the target. You can see that we are pushing our sensitivity
to the absbluté maximum. - But & production rate of 30 counts per Hour of dis~
 tinctive alpha-onergy groups produces & substantial amount of activity in a day.
The energy resolution fortunately is quite good. Typically we

obtain about 30 kilovolts full-width at half*maximum in these experiments. The

half-1ife for 25(lOLL is quite distinctive and the peeks stand out'against thé
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Fig. 4. Alpha-particle energy versus neﬁtron number for

the heavy even-Z elements.
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Fig. 5. A series of alphe spectra of the activities produced
by bombardment of 249cf target with 12C ions. . The wheel was
cycled at a rate of 3 seconds per crystal position. The

. spectrum from each of the four crystals along with their sum

is shown. The total numter of microampere hours was 81,
measured as fully stripped ions. The 8.60-MeV peak is due

to 2581y,
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small‘8.87-MeV.211mPo background produced from the lead impurity. The stand-in for
‘this experiment was a 2480, target which had a similar amownt of lead as de-

termined by 11B experiments to make Fr isotopes. When the 2h8Cm target 1is

substituted in the 21‘P9Cf + 1% experiment, we find not the element-10k alpha emitter

but insteed the 3-second 256No activity with &n entifely'different alpha spectrum.

Figure 6 - Energy levels from 53Fm, ZSSNO, and 25710h data.

a57

The spoc,er that we have obtained for 104 shows these
particular levels. Shown_for comparison are nuclides which are similar{ We

have not tried to interpret this yet, but it looks quite interesting.

Figufé 7 - Alpha spectra fronm 25910&.

249 f(l3C 3 )259104 m' 8.77 - 8.86 MeV

~ 3 gecs

259

' In this.next'experiment we expeﬂted to make 10k, ‘and we do

find principally these two ‘alpha- particle groups which we believe belong to

that isotope. We have also made oxygen bombardments of the 2L*SCm target which
- tend to

show the same spectrum and thus/COnflrm it. These data are not yet as good as

257

" that for 104, but they are consistent and the spectrum looks definitely

different from that for 25710&.. We believe its proper ssslignment to be to the
isotope 259104.

The 8,6—MeV'peak that is present in these runs is very interesting.
15

In other experiments involving 21}'8Cm plus N 'and th ions, we have mede this

258

same k-second activity and we believe it to be due to Lr.

‘ . . : 4 '
In the 1961 element 103 discovery experiments we found an 8.6 MeV
alphd emitter and reported & half-life of about 8 seconds. At that time we

bombarded a mixture of californium isotOpes'with masses 249-252 with llB'and’
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leB ions and we have not repeated those experiments since. This was the first

attempt to do it in & different way and the results indicate that this 1s the

nuclide that we were dealing with at that time. We have not completed the new"
259

1éwfencium>experiments and feel that'therevcoﬁld be  Lr mixed in here with

a similar or longér half-1life and this would complicate the interpretation
S ‘ ' *
of the 1961 results. We have not had time to go back to it yet.

Figure § - Alpha spectra for 259104 produced via'zhg

Cm(l6QL5n) reaction.

The next slide shows you the same spectrum but without the com-.

248

plication of the lewrencium isotope. This is Cm plus 160 and we f£ind that

259

the 104 spectrum is much cleaner.

259 248

104 vroduced via Cm(}60,5n) reqction.

vFigure 9'4 Excltation function for

N The next slide is the excitation function for the 25910&. Notice’
that we also make Isotopes of‘nobelium‘with very good yield. Oné can’maké
large amounts of noﬁelium in this way and it provides a gdod method for
studying nobelium isotopes.

The two methods of producing 25910h are consistent. .Thej aré nof
agAelegant'as_we would'like, but we have not had timevﬁo COmpleﬁevthem properly.
The fiha1 proof of £he assignments wés furnished by alpha-recoilkmilking.ex—
périments wﬁich éhow that 257 and 259 are indeed the mass numbers éf these tﬁo
element 104 activities. I have a slide of that later. |

- ~8.25 MeV
ZhBCm(18O) 5n 26110)4’—-0——) ~7C sec

We next turned our attention to trying to find the mass number 261.
We believed that 26110h'should have a half-life that could be as long as a
minute or so. We felt that we should be able to round out this triad, and, 1if

successful, we might be eble to do chemistry with it.

. 2k
‘We bombarded 2 8Cm with l80 and at first had a very 4ifficult
¥*
Since the conference we have found an actigéty which is best assigned to 253
produced by low-energy ~ N bombardment of ¢*Ccm, We find alpha particles of-
8.43 MeV with a half-life of 6.5:2 seconds.

Lr,
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Fig. 8. Alphe spectra from 25910)+ produced by the
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szm(16o,5n)

_ reaction. The wheelecycle rate was 2 seconds per crystal.
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Filg. 9. FExcitation functions for the 2'cm(1%0,5n)2%910n,

' AZhBCm(16O,'Ot3n)257No, and 21}8Cm(l60,ahn)256No reactions.
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time in fihding what we were looking for. The reason was that 1t was lost

underneeth its daughter's spectrum. The 261

257N

104 alpha-particle energy 1§ right on

top of the 8.3-MeV 0. When we got around to examining this region in

257

detail we saw that the half-1life was not quite right to be only No and we

26

then knew that the l104 must be hiding there, too.

Figure 10 - Alpha spectra at 48 seconds per crystal.
The next transparency shows the spectra taken at 48 seconds per

erystal. At this wheel cycle rate we can discriminate somewhat against the

25Tyo that is produced ‘directly. By analyzing these spectra with the com-

261

puter;' we Were able to show that it was consistent with a 70asecond' 104

growihg into the 25-second 257N

0. We have not yet made more than & crude ex-
citation function with this activity because of its low production rate. We
‘meke & maximum of five counts'pef microamperehour of the mixture of 104 and its

daughter at the calculated peak for the excitation function.

Figure 11 - Alpha spectrum of lead plus l80 ions for .comparison.

To show that this is not produced by & lead impurity, here is a

lead plus 18O'spectrum under ‘similer conditions. This is just the total
- 5T

, L , . 26 ’
spectrum,. We find nothing that corresponds to the lth - 2_ No chain; instead

218 h

Fr ———%?l At sequence decaying

with & l-minute half-life. This is odd since their precursor, 2zzAc, is known

we see alpha particles corresponding to the

to have a half-life of only 5 seconds and suggests that there must be an isomer

of this'nuclide with the longer half-life ﬁo keep the chain alive.
256 257 248, 13

Mo and o produced in Cm + C reactions.

Figure 12 - Alphé spectra of

In order to be sure that we were really dealing with mass number
that 1ts daughter,

261 vye felt it necessary to go beck and prove once again / ,257Ho,was an
o 248 . 13
_ 8,3-MeV 26~second alpha emitter. We bombarded the Cm target with

C ions

and herc are the rcsults of the runs mede at 20 seconds per crystal usihg the



3 S UCRL-18633

210,211¢ ' 248¢,,*+18¢

6-l54 48 sec/spectrum
45 4 Ahrs
80 . v v ‘ . 93 MveV
: 1
Ao X100
_ 89 208,209¢,
2 6.65
|
B 3]
< 211,212g,
© 40l 690 P11p 214,
5 o 213p, . o .
Q 673 / _;‘5 8._7% 2timp,
@ :
| =t
2
(=]
©

142430445,

k.\/\J/\AL ook Do M b >
200

100

[

Channel number

XBL 6911 4925

Fig. 188 A series of a}gha spectra of the activities produced by bombardment

of 2 Cm target with -0 lons. Minute lead and mereury impurities in the
target give rise to most of the alpha peaks in the spectrum, the former
contributing mostly to the peaks at higher energy and the latter to those
at lower energy. The wheel-cycle rate was 48 seconds per crystal position.
This experiment was performed using the five erystal-position apparatus ’
%quvthe spgctra are thus of individual crystals and thelr sum. The

L

At chain is presumably kept alive by a l-minute alpha-
emitting 1somer of 222pc,
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Fig. 11. Alpha spectrum of lead plus =~ O. This spectrum is for

comparison with the sum spectrum of Fig. 10, since the wheel-
cycle rate was 60 seconds per crystal and the four crystal pos1tion

" gystem vas used.
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257,

0ld 4 crystal-position system. We found the No activity decaying with a

half-1ife of 26 seconds with the alpha energies indicated here, 8.22 to 8.32 MeV.
' 256

The 3-second No 1s also produced.

257.; . 248 13

Figure 13 - Excitation functions for 256No and No made in Cm + "~C reactions.

The nex* transparency shows ‘the excitation functions for these two

activities. ‘Thesevare coneistent with the ‘ mass assignments of 257
assuming they were
and 256/broduced by the evaporatibn of four and five neutrons, respectively.

Figure 14 - Crystal- shuttle system for alpha-~ recoil milking exneriments.

‘The next step was to show the genetic relationship between 261lOlL

257No by making use of the phys1cal separation of mother and daughter that

and
takes place due to recoil when the mother atom undergoes alpha decay. This
slide indieates'the method that we used. The atoms on the wheel, which we
will eell the mother atoms;. can elther decay by emitting an elpha‘ partiele
outﬁard; whicﬁ_is then detected by:the crystai,'dr 1t can shoot the alpha par-
ticle into the,ﬁheel ih,which case the'daughter atom leaves the wvheel in exactly:
the opposite direction and lodges iﬁside fhe cfystal. Obviously there should
be as many daughter atoms in the crystal as tﬂere are mother alpha particles
detected. 'All that is necessary theﬁ is to periodically move the crystal which
| has looked at the wheel over to a position where it is'away.from the interfering
activity on the.wheel.

" To inCrease the geometry for detecting these daughters events, one
simply pleces another erystal next to it so that.there is & chance at high
geometrj to‘observe the alpha—particle decay of these daughter atoms. By
keeping track of uh° decays in the two positions, it is possible to measure

occurring
the number of mother events /on the wheel and the corresponding daughter events
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off the whee1. 

With only a single crystal being msved'off~the'wheei periodically
to measure the reéoil daughter, one loses a factor of two because of the time
that the defeétor is awéy from the wheel waiting for the daughters to decay.
With a double—cr&stal system, oné crystal being examined off-line for its
daughtér atoés'while the other crystal is lodking at the mbthef atoms on the
wheel, and thén»vice versa, this lost sensitivity is redofered. There is also
~ the very important double check of one set of crjstals versus the other by
" this redundancy. The date from the 20-detector system are processed and stored
by a PDP-9 computér‘and ancillary unité;

Flgure 15 - 257104 ————-}253No milking experiment with 8-crystal system.2

To show the strength of the genetic milking experimenté; this slide

257101+ decaying to 253

showis those‘performed'with. No using the-did 8-crystal
system; that is, four crystéls looking at the wheel with four'daughter-méasuring
crystaIS‘looking‘at’thése same crysﬁals in the off-wheel position.‘ Though our
sénsitivitvaas low with this éystem, nohétheless, we did observe the 105-sec
8}01—MeV’253No daughter activities in the crystals when they weré off the
wheel. | | | |

In the first crysﬁal there was a considerable amount of 55-sec

zshNo which, as I mentioned, was transferred by itself, not by alpha

8.10-MeV
recoil. Fortunately; it only happened at the first crystal position because
the transfer half-life was less than a second and ths wheel-cycle rate was 3
seéonds per pﬁsition; so that ;t was possible to detect. the alpha-emitting
daughter completely free from interference in the succeeding crystal_positions.

Plotted in the figure is the sum of activities in the second, third and fourth

: . .
positions. This activity had the proper half-life and energy to be “S“Ho and
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Fig. 15. 2571011» -——3253No milking experiment with the
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the number of decays that we observed was consistent with the number of alpha-

257 , *
particle decays of 10& that we observed on the wheel.

Figure 19 - 261101L ——————ﬁ?57qumilking experiment with 20-crystal system.

This slide shows the results of the milking experiment in which
257No was observed as the daughter of 26110&.' In'this work we used the more
efficient ZO-detector-system. We have plotted the number of daughter events
in the interﬁal 8.2 to 8.4 Mev and the results from several independent runs
are combined. The‘numbervof daughter events observed at each of the fiveu
positions is determined by the half-life of the 261i0h mother atoms and we
find a value of about‘70 seconds. -The half—life of the daughtef atoms was
determined by combining these same events according to the time interval in
.which they were observed after the shuttle operation began each daughter-
measuring sequence1 The - value found was.consistent with tWenty~five seconds.
‘I believe we have proven here in the best possible way the genetic sequence of_

‘ 261, 257.

104 decayinv into No.

Figure 20 - Alpha particle energy versus neutron number with the new element
104 values. . : :

Jet me put on the transparency again--the same as shown earlier--
but now with the alpha energies from these three isotopes of element 104,
Plotted 1s the alpha energy of the most abundant group; the gfound states could
be & little higher. Quaiitatively, you can see that this is not quite what
we predicted four years ago. I understand, howe#er, that these values are

actually more‘consistent with some recent calculations based on the up-to-date

* ‘
Since the conference we have repveated this experiment using the much more

sensitive 20-crystal system. The new experiments benefited also by an increase
in resolution and counting yield due to the incorporation of other improvemsnts.
The results are substentially the same &s before and are shown in Figs. 16and 17.
Analysis of the deta indicates & half-life of L4.8+0.5 secords for ‘77104 as measure
directly by its elpha-particle decay; a valuve of 4.4*1.0 seconds is obtained by

- measuring the emount of 2230 recoiling at each crystal position. Figure 18 shows
comparable spectra with Pb + 12¢ under similar conditions.

ragd

A
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Fig. 16. A series of alpha spectra of the activities produced by recent bome

- bardments of Z49Cf target with Th-MeV 12C fons. The experiment wes done with
the 20-crystael system end the spectra shown are from crystals in the on-wheel
position. The wheel~cycle rate was 3 seconds per crystal position. Again
gome Of the lebeled pesks are due to a lead impurity in the target. The
6.04-MeV 210Rn peak hes the apperent half-life of its mother, 21%Re, because
the observed events are due to the decay of 210pn atoms recoiled to the
~erystals as a result of the alpha decay of 21l*Ra atoms.

(Note in proof: The 8.87-MeV peak is bellewved to be due to an 0,T-sec isomer
of 258y (or possibly 25TLr) vlus the 2Eedem 2L1lmpa)
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Fig. 17. A series of alpha spectra from the same
experiment as in Fig. 16 but recorded by the

' erystals in off-wheel position. Each spectrum is

thus a sum of events from four crystals in the
same crystal position. The on-wheel~=0ff-vheel
cycle was 100 seconds, while the wheel=cycle rate
vas 3 seconds.
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masses so that this data may not really repfesent any great irregularity. It

does not.seem:to bother any of the theoreticians.

D. FIRST AQUEOUS CHEMISTRY OF ELEMENT 10k

Figure 21 ~ Chemical periodic chart.

| Our hext step was to try to do chemical exper;ments with this
ﬁell—aptablishéd isotope of element 104. With a 70-secbnd.half—life it seemed
thét’we might be able' to do meaningful chemistr&. In conversation with 
Dr. Seaborg I indicated that this was possible withisome difficulty. Did he
think it was really worth the effort? He did not surprise me very much by
indicating that he thought it was highly worthwhile and we took this as af
command. That was just.six weeks agd. We proceeded rapidly to set up a fairly
‘io;plicated,experiment which, I feel, turned out very successfully; I have a
movie shéwiﬁg some of the details of this experiment which you might be émuséd
to ség} |

’You‘will iemeﬁber from Dr. Seaborg's periodic table that elemenﬁ

104 should be liké hafnium if it behaves the way it is supposed to.l That means
it has four #alence electfons and a similar ionic rédius and thus a system can
be used that can separate it uniquely from most of therother elements. I have
portrayed the hethod in a little sketch here.

Figure22 - Sketch of chemical method used for separating element 10k,

The simplicity of the method,depends upon its chemistry being so
much different from that of the actinide elements that it will not be adsorbed
-readily 6n a cation-exchange column. Using the alpha-hydroxy-isobutyrate eluan%

that we typically use, the eka-hafniuﬁ atoms»shoulé be wéshed étraight through

the column. Bob'Silva, Jim Harris, and Matti Nurmia worked out the necessary



CONVENTIONAL FORM OF PERIODIC TABLE SHOWING
PREDICTED LOCATIONS OF NZW ELEMENTS

K {Ca|Se|Ti| v/]co|mn|re|cCol N|cul|ian|calecel|las|selB8 ]|
19 20 21 22 23 24 15 26 2] ZBv 29. 30. 31 ?2 33 ‘ 34 35 36

Rb | Sr | Y | Zr | Kb | Mo | Tc | Ru | Rh | Pd [ Ag | Cd ] In| Sn | Sh | Te| I | Xe
3 P38 D39 W0 fw lez ey laa qes s e o Jes . fas so o (st [s2 fs3 lse

Cs | Ba | Lta | Hf | Ta| W | RejOs| Ir | Pt ) AultHg!{ TI | Pb.y Bi | Po'| At | Rn
e TN SN N S N N N - A N M (1 [T S M| TS . O (1

Fr | Ra | Ac (104):(105)5(108)5(107)E(108)R109)E(HO)E(IH).(1‘12)5(113)5(114)5'(115')5{!_!6)5(117)E(HB)§
B B e B e Bt e Bt Al Sl A S B B Rl

+
1
1

31 88 83
1(119) 1(120),(121) | (154) ! (155)! (156)! (157) ; (158) | (153)  (160) (151); (162) | (163) ! (164). (165) | (168)! (187), (158)!

H| o . - He |
i : i - o . _ 2

Li | Be ’ - - B | C| N | O] F | HNe
1. 4 _ o 5 § 1 8 9 1

Na | Mg - ‘ AL Sl P LS O Ar
11 12 . R k] 14 ‘ 15 16 11 18

) X SRS A S (S ) 0 QY Y QRS U SRS SO AU S R ST SRR

HTHAN Ce | Pr | WO | P E w oy Lwe | ee |t
LAE'T'M\LEDES sae 5)9r 60 b1 " 52sm &3 ! StGd GSh ssy 67H0 SBEr 69m IOYb Hlu

ACTHIIDES
SUPER- |(122), (123) ; (128), R |

acTRyDES KPR

Fig. 21. C“hemica.l_’ periodic chart.

€€9gT-THON



. =39-

UCRL-18633
50reluant dnssolves thin coating '
Fast 4 of NH4C1 on catcher containing atoms of 104
pneumatic
rabb:t _
Berylllum -1 .
energy
104 J13 Lﬁ Cation exchange column _
E-— 760tHe Mev D H__ a-hydroxyisobutrate eluant
Faraday : ; 0. 1M pH 4.0
cup
248
Target = . S
: \ Hot Helium Drops Drops
Hehum J Uy 34 5,6 v
- . <o’ —_ —_
_ Very E«C:
fast Au-Si surface barrier
evaporator = aFE detectors :

‘ Information stored on
magnetic tape(1BM)=
aE and time after
bombardment for each
event for 8 crystals

XBL 702-6151
Fig. 22,

Sketch of chemlcal method used for separating element 10k



oo , UCRL-18633

conditions for.performing this separation very quickly. They found thaﬁ it
was possible to elute hafnium off the column with the necessary speed so that
the problém became simply a matter of logistics, i.e., getting enough atoms
in a series of experiments to glve meaningful resdlts.

As it turned out, by a factor of two We obtained somewhat fewer
etoms than w; expected. We think that the probable reason was mechanical
losses, which is not too.surprising under the circumstances. When you see
the movie I think you will appreciate some of the difficulties. We detected an
average ofrone'atom in about twenty experiments with each experimént taking
about five:minﬁtes-altogether. This was.not as bad aé it might seem because,
fortunately, the'expérimentai baékground was essentially zero.

The'techniqueAis quite simple. The 2h80m target is bombarded
in & recoil chamber Just as in the other cases. The recoil atoms are entrained
in the gas strcam which hits the bottom of a rabbit. On the bottom of the
rabblt there is a platinum plate with & thin coating of ammonium chlorigde
previously evaporated fhére s0 that the aéoms of element 104 can be dissolved
readily. |

_ The rabbit is shot very quickly to the chemistry area (in a matter
of a sécond or two), and manually plugged into a holdér where autoéatically the
eluant can beirinsed across the face of the catcher. A S0-lambda portion of
the solutionvdissolves the materiai and puts it on the column. The column
is then pressurizéd,to force the drops of eluént through at the rate of three
or four seconds per drop. The firsp two drops are thrown away. The next four
drops are where hafnium comes off.

Drops three through six were counted either singly or in pairs

in separete counters. The computef keeps treck of the time vhen each bombardment
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stops, ﬁhenﬂéach sample 1is blaéed in the counter, and when each alpha decay
ocecurs albng'wiih its energy. In this manner the ‘data can be summed up from
all the bombafdmenté properly. |

A véry important hﬁrdle that had to be overcome inlthis experiment
is the necessity that each drop had to be evaporated very quickly. You will |
find that it is very frustrating to take a drop of this material and try to_.
evaéorate it fést; It'simply is impossible to do by ordinary techniques.
Fihally‘we evoivéd a system which made use of a hollow cylinder of hot helium
blowing down arbund'the drop. Tﬁis made'it~possible to evaporate the drop in
about 5 éeconds'instead of 30 and--very important--to keep it centered on the -
counting disk. |

Let us go on to the movie now and I think you will uhdefstand
better the whblé experiment. I will try to narrate it as we go along.

‘Movie - Tirst agueous chemistry of element 10k.

" This movie was made Just twvo weeks ago sO we have not had time
"to be fancy. This 15 the target--60 micrograms of 21’L8Cm. Like-the californium
target)it was electrqplated onto a 100 microgram/cm? surfsce of palladium which
had been sputtgred upon a 2.4Img/cm2 beryllium foil. Métti Nurmia's hands
are installing thé target in the recoil chamber. You caﬁ see the gas;jet
orifice on the top of the chamber. Now he 1s fastening on the degrader-foil
holder which is liquid-cooled. The coolant we use is'alcohol at -EOOC. The
beam will go throggh the degraders to be reducéd to an energy of 94 MeV. The
recoiis will be swept out of the chamber by the helium gas snd will émerge from

this little orifice here to hit the bottom of the rabbit which he will put in

next.
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The wholé system is in a rough vacuum provided by & large Heraeus
biower pﬁmp. The pressure depends upon the helium flow rate used--typically, it
is in the range from 100 to 300 microns. |

This is the rabbit system itself. It is & cylinder which houses
8 piston with a hole for a vertically-mounted rabbit. When the piston is pneu-
matically ghuttled, the rabbit is moved to a position where it can be blown out
into & connecting transit tube to the laboratory bench. |

To make certain that the degraded'energy is correct, a solid-state
" detector monitors the scattered 18O beam emefging tﬁrough a thin window in the
target chamber. |

Now,inm'Harris'and Bob Silva are getting ready to do thé bheﬁistry.
Here'comes'the rabbit. Jim plugs it into the side of the colﬁmn and the liquid
fléws across'washing‘the ammonium chloride off the rabbit. It then flows off
down through the small'ﬁube‘Onto‘théutop' of the resin column. The column is
pressurized andrthe drops come out. The first two are thrown away.i Théré iéf
the fast'evaborator. ‘The stream of hot helium gas is coming out th:ough little
holes in the botton.of a copper annulus.

Now, here are drops 3 and 4. These will be evaporated down very
quicklj while the next drops are coming off. As éoonvaslthe e&aporation is
concluded the platinum plate is flémed with an induction heater and placed
upside dowﬁ oh top of =& solid—state detector. Now the sequence is repeated so
that you can see the details again.

| The counting éystem has eight Si(Au) detectors,. each 1niits own
'vacuﬁm housing. As soon as a sample is placed next to & detector, a switch is

thrown which tells the computer thet the counting interval has started. Since
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8ll eight detectors are not usually needed for a'singlé eXperiment, a new
experiment can'stért_while'the counting is continuing on ﬁrevious experiments.

| Theée are‘the preamplifiers, amplifiers, and discriminators, modular
units that weré ' deSigned'and built in our laboratory. The pulses are coﬁbined
and sent to the computer with proper identificétion signals. The pfocessed
inforﬁation’for each alpha event is stored on IBM.magnetic tape together with
the time of each event. Energy'informaﬁion between the limits of 6 and 12 MeV

is stored in SlZ'Channelvspectra,

"End of film.

One of the unnerving aspects of this experiment was that it was
difficult to know when the procedures were working correctly. We did not have
a suitable internal tracer available and at best we did not expect more than

257

one countable atom of 26110h or its daughter, No, in 10 experiments. At

the same timerit Was;neCesséry to continue msking improvements in the techniques
employed. Fortﬁnaiely, after a few days in which many dozens of.experiments.hadv
been carried oﬁt, we Eouid see that we wére probably going to sﬁcceed even
though our yield was lowef than expscted--all that was necessary'ﬁas to perform
thé task several hundred timeé; 'Thisiburden fell largéiy to Silva and Harris
and £hey didivefy well indeed. | |

We.intend to go further with this experiment, but to do it entirely

automatically--it is Just too hard to do with people. We believe that we can

automate the whole system and do neanihgful chemistry with an even smaller

rate of production than one count in every 20 experiments.

"Flgure 23 - Alpha spectra of the catcher £5il without chemical separation.

These are the results. This is the sum of the alpha spectra from
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many detector analyses of the catcher foil without chemistry. The. identified
gctivities below 7 MeV are made from knownklead and mercury impurities in the

target. In the 8.3 MeV reglon we find the alphas from 26110h'and its daughter

257No.' Some of the‘257Nb 1s made directly. The decay of this peak indicates

that about half of it is ‘due to nobelium but fortunately nobelium is held up
entirely on the column. It would not come off until’perhéps theoretical-drop

3,000 or so. The first actinide element to elute from the column should be

25To 1s held up by the column there

1s no interfering activity at this energy to obscure the detection of the 26110&'

lawrencium at about drop 200. As- long as

atoms.

Figure 24 - Element 104 fraction from But column (arops 3-6).

‘ - The combined speétrum of drops 3-6 that were washed ﬁhrough the
column isvshown here. There was a total of seventeen -countable atoms which
Awere"separated chemically by the resin column and as you can see there was
nothingvelse in this egrly fréction. These decay with.a half-life Qf about
a minute. The‘next_six fimé channéis which are not shown.have no counts in
them in this energy region. |

These results, I believe, are completely beyond questlon and show
that element 104 has an aqueous chemistry different from that of all the other
transuranium elements.

These'seventeen eventé.remind mé that just fourteen years ago the first
chemistry_on'elemént 101 was ‘done with Jﬁst seventeen atons!

(Sﬁbsequent to ﬁhe conference, the final computer analysis of the'
results of ali of the chemiéal experiments tecame availaBle. It shows that of

the seventeen_evénts reported there were two double events; that is, in two
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experiments therézﬁas'one 8.3 MeV alpha followed by anofher within a minute.
Since the‘counﬁing was performed at about Lo geometry, it was‘eXpected from a
statistical sténdpoint that theré would be about three such cases in which we
would first detect the alpha from a 104 atom and then the alpha from its
nobelium daughter; Roughiy one half of the element 104 atoms that were separated
chemically wbuld‘be deﬁected as nobelium atoms since as element lQh ﬁhey either
: would‘havevdeCayed before reaching the counter or would have decayed in the
cbunter‘into‘the platinum plate on which they were mounted. Correcting for

the double decay observed, there were thus_énly 15.countablé afoms of element
104 separated by the column. On the other hand correcting for geometry there
were 35 atoms of element 104 separated, so perhaps we exceeded the 1955 results

for mendelevium_after all!)

E. ATTEMPTS TO FIND THE REPORTED FRACTIONAL-SECOND SPONTANEOUS-FISSIONING
' ~ ISOTOPE OF ELEMENT 10L.

Now, I would like to go on to the spontaneous¥fissionvemitters
end some of the problems that we have had.

Figure 25 - Dubna spontaneous-fission experiment for detecting element 104

(1953-1959).

The next slide is one taken from a2 Russian publication on work

done six or seven years ago at Dubna and published first in 1961+.3 In this
experiment reactlon products were knocked out of a ZAZPu target by ?BNe ions

and caught in an endless belt which passed in front of glass detectors.

- Spontaneous-fission events were detected as etchable tracks in the glass. They

found a spontaneous-fission activity with a reported half-life of three-tenths

of a second. They mentioned backgrounds with half-lives of 1k milliseconds

2hk2m - :
(dve to Am, as it later turned out) and 8 seconds (attributed to 256No fission



48~
: UCRL—18633

XBL 701-236

Fig. 25. Dubna spontaneous=fission experiment‘ for detecting element 10k
(1963-1969). ' ' '
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256

branching decéy; although our Best half-lifé'for No is close to 3 seconds),
along with & neutron-induced fission background. This experiment was done
initially inside the 3-meter cyclotron, so 1£ was very difficult work. The
rate at which they detected the 0.3-second eventsvat that time was about ohe
count every five Hours. When they published their work, they assigﬁed thev

activity as being most likely due to 260

104k. Subsequent gas chromatographic
experiments seemed to confirm the purély'physical experiments.

Figure 26 - Berkeley drum system used to detect spontaneous fission (1967- ).

" The next slide shows the\system thet we have used in searching
unsuécessfully for this same spontaneous-fission activity. Instead of using
an endless tape to catch the’recoiling atoms, we use a metal drum. The drum
is rotated to carry the transmuted atoms embedded in the drum next to mica
orilexan.detectofs so that fission events can be detected as etchaﬁle tracks.
Thé”dfumvalso gdes back angd fbrth'along its axis so that any iong-iived back-
 grounds are spread out over a very large area; we can get a discrimination ratio
qf'the order of a couple hundred to one if we adjust the rotational sbeed s0
that the atomé that we wish to'detect decayvinto the first few centimeters of
the mica near the target. It is a wvery simple, very handy method with a counting
yield of nearly 100%, depending only on the efficiency of detecting the traéks.
With.uranium-free detectors it can be a very low background system.

Usihg this method we found'a new spontaneous-fission activity

k9

which has a half-1life of eleven milliseconds by bombarding our 2 Cf target

13

. 12 . .-
with =~ C and C ions. The cross section is fairly large (10 32cm.z), so that

over a period of time wve have had thousands of fissidn events and yet, oddly
enough, we still do not have absolute confidence in their really being due to

258 .
104, the most obvious assignment. They most likely are due to this nuclide,
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Fig. 26. Berkeley drum system used to detect spontaneous
fission (1967 --).
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l3C,lm excitation

but it i; simply hard to be certain. We have done_lgc,3n and
functions éndxfindvthat they are consistentiwith one another; yet there is
alvays a doubt since thére is no way to tell one spontaneﬁus-fission event from
another. One worries about thmAm_which has a 13.7 millisecond half-life. We
have done other experimentS'which ténd to indicate that this nuclide is‘nof
~made with any signifiéaht yield when using such a heavy.targgt with a light

projectile. Nonetheless, we still have some doubts.

Figure 27 - Spontaneous-fission half-life versus neutron number.

The next slide shows an empirical plot of'sponténeous-fission
“half-life versﬁsvneutron number. It has no physical meaningithat we knowvof
but it is & very convenient way of systematizing the available fission dafé.
When plotted in”this manner it appears that at the 152-neutron subshell tﬂere
is a sharp inc?eaSe in half—life. One way. of interprefihg this effect is to
say that the'vefyvsl;ght change in mass near the subshell is enoﬁgh to increase
the spontaneous-fission half-lives above their normal,'very much shorter values.
-In other words,if it were not for the 152-neutron subshell, perhéps the heavier
elements would not exist.in the laboratory at all! |

26010&

Plotted here is the Dubna point which is claimed to be . Ve

258, 1,

would say that the point is too high by orders of magnitude because our
point seems to fit very well with a simple empirical extrapolatioﬁ from the
nearby, lightér elements.

‘Seeming to reinforce this interpretation are three other important

258 216 2Ll

points--~ No, Fm, and Fm, We have produced these three nuclides with a
fair degree of confidence, and yet since there is no. way of making this mode of
decay as specific as alpha-particie emission, there still remains some unéertainty

that our assignments are correct.
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Consisteht with this spontaneous-fission haif—life syStematics

pleture is the‘upper limit set by various research'groups on the half-life of

258Fm. It still has'nat been found and the spontaneoué-fission half-life

limit is getting shorter and shorter (nbw 100 ms). This fact alone would not

seem to be consistent with 26010h being‘as long-lived as 300 millisecondé.

L]

- The next queétion to be faced is whether the 0.3-second spontaneosus-

fission emitter can be assigned to element 104. Some months ago we were told

that new experiments performed since our announcement of the new elementéldh
alpha'emittefs‘showed fhat this half-life is more like 0.1 second? SO Wwe
examined our earlier data to cee whether this lower value could also(be excluded.
We,decidédvthat our sensitivity was loweréd somewhat and it would be well to
repeat these experiments using an improved drum éystem.- |

‘These new experiments have also not been sucéessful in finding
an isotope of element 104 with & spontaneous-fission half—life'in‘the 0.1-0.3 sec
region. In ordér'td,illustrate‘whaf bur‘gew crqés éectionvlimits for various
reactions mean;-I wiil indiéate them as values relativekto calculated excitation
functioné fof these reactions. These functions are due to Torbjdrﬁ Sikkeland
who pioneered in the use_of the Jackson-type célculétions empirically fitted
to dozens of experimental curves obtained at Berkeley and Dubna. Thesevcalcula-
ted functions are extremely useful, and in general we find thatAthey are not
off in the worst case by more than an order of magnltude in absolute cross
section. These errors can be corrected by adjustlng the parameters, r /(F +P )

and Ro,by using our latest data.
242 22,

Figure 28 - Calculated excitation functions for Pu+ ““re.

The zu?Pu + 2218 excitation function should look like this. As
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you can see, the cross sections to make

. This relétively large crosé section would seem to rule out
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26010h or 2591_()h are somewhat less than

261

a nanobarn (10’33cm2).vahat for 10k is indicated to be perhaps 0.2 nanobarn,

but it is likely to be a factor of 3 less than this judging by a comparison

of our other datd in this region with the calculated functions at energies'neér

the coulomb barrier.
| | . I understand that the Dubna value of the-cross section for the
pfodﬁction of;the'O.laseCOnd activity is approximately 0.8 nanobérns at 1l§ MeV.
26110& as being
responsible'for"the.acti?ity,'1n aéreement with our finding that it is a‘70—sec
s .

alpha emitter. ‘An assignment to 104 might be made on the basis of cross.
seCtion, but since we have already found a 3-second alpha emitter corresponding
to this nuclide 1t would then be necessary to attribute the O.l-second ectivity

to a fiésion isomer of this mass. All other isomers of this type"that have been

discovered to date have been produced with very much lower cross sections then

the ground-state activities, so for'its'production cross section to be as

high as the calculated value is already very surprising. These ohservations

seem to us to limit the mass assignment of this activity, if indeed it is

due to element 10k, to 260, or less likely to 259.

. -In our attempts to reproduce the 0.3 (now O.l) second fission

Cactivity we have made the very reasonable assumption that, if it is due to

element 104, we can make it more readily by using'é higher-Z target and a
lower-Z projectile than by bombarding ZhZPu with_zzNe ions. We obtain two

advantages by this_approach:- larger cross sections and fever complicating side-

reactions. This assumption would evpear o be still valid even if we ere

attempting to make a fission isomer of element 104,
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Figure 29 - Calculated excitation functions for Zhécm + 180;
By using the reaction, 2-1‘6Cm(180‘,1l»n), we should make 260]_01L with'
what we consider to be a sizeable cross section. There is some evidence to y

.

believe that the 180,#3 cross sectlion might be actually somewhat larger than
that which has been calculated. The tar indicates ourlpresent limit for
production of the O.l-second activity. This conservative 1imit is more than

an order of magnitude below the expected cross section.

248 16

Figure 30 - Calculated excitation functions. for Cm + 770,

248

Wé have bombarded

Cm with 16O and again we have not found the
O.l-second activity. 1In this case the limit was only a factor of 4 below the

calculated cross section. On the other hand the measured cross section for tha

25910h'alpha emitter is above the curve by a factor of 4 which could

248

indicate that the calculated value for the 'Cm(16o,hn) reaction is somewhat

3-second

low.

28 16

Figure 31 - Some experimental excitation functions for Cm + 0.

248

Last week we bombarded the Cm target with 160 ions egain and

ran the drum at two higher speeds in the hope of finding'spontaneous—fissidn

activity which might be due to 260104 if it héd a half-life shorter than 0.1

’ sééond. At a very high speed we found a l-millisecond activity which according

to its yleld and results of cross-bombardment experiments is probably due to

258 a5t 256

No.7. Compare the yields to make No and No.

At a slower rotation we detected an activity'wifh a half-life
between 10 and 30 milliseconds but we do not yet have an assignment for it. <.

260

Of course, it eould be due to 104 although it seems that such a half-life is

much to> long. For that matter the l-millisecond activity could also include
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26010& as well as 258No, however it seems to us more likely that the 26010&
half-1ife is in the microsecond range.
that ,
Incidentally, notice/the zlL8Cm(160,a3n) reaction mekes 22 WNo

very clearly. When we bombard the same target with 18O ions, we would expect

259

to make No quite readily; Yet we have not been able to ldentify it even

]

though we have looked for both alpha particles and spontaneous fissions over

259

a fairly wide half-life range. It maskes us wonder whether No is also going

to turn up amohg the missing because of having a shorter half-life than expected.

F, CONCLUSIONS
This, then, is our hoét recent work on element th.A In summing
up the consequences that would seembto follow from our results, I suggest that
it is proper for us to draw the following conclusions:
l. We have éstablished with great confidence the alpha-decay

257. 259 261

properties of the isotopes 104, 10k, and 104, and there is a reasonable

. probability that we have also chafacterized the spontaneously~fiésioning
isotope, 25810&. |
2. AWé héve_chendcally seﬁarated element 104 by an aqueous me thod
from the other transuranium elements and shown‘thaf it behavés like hafnium
and zirconlum es expected. |
3. We have searched diligently without success for an isotope Qf
-elemEnt 104 fhét‘decayé by spontaneous fission with a half-life of three-tenths
of a second (the original Duﬁna-postulated value). We have more recentiy |
repeated these experiments with higher'sensitivities, but find equally negative
results for & half-life down £o a tenth of & second (their revised value).

4, Ve are suggesting that element 10k be called rutherfordium,

-after Lord Rutherford, the great pioneer of nuclear science. If in the course of

*)
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further experimentS;.contrary to our present expectations, we do confirm the
earlier findings 5f-thé Dubna group of an approximatelyﬁthree-tenths of a
second spontaneous-fission activity, we ﬁiil withdréﬁ ouivsuggested'name andb
accept that préposed by the Soviet group, kurchatovium.

I and my colleagues in these research‘effortsfwould like to acknow-

.ledge the vitai and painstaking assistance furnished to us by all of the mem-

bers of our laboratory. In particular we are grateful to C. Corum, R. Leres,
D. Lebeck; A. Wydler, and A. E. Larsh for mechanical and electrical aspects of

the experiments and to F. Grobelch and the Hilac operating crew for the patient

. and efficient delivery of the diverse heavy-ion beams.
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