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THE BERKELEY HlLAC HEAVIEST ELEMENT 

.* 
RESEARCH PROGRf..M 

. Albert Ghiorso 

Lawrence Radiation Laboratory 
University of Calif~rnia 

Berkeley, California 

UCRL-18633 

Dr. Ghiors~ (University of California Lawrence Radiation Lab~ratory, 

Berkeley, Conference Speaker): Thank you, Glenn. 

I feel very honored to be giving this talk today as B participant in 

this celebration of the IOOth Centenary of the Mendeleev Periodic System. I 

1 was fortunate to be one of those who participated in the discovery of element 

101 and I might recall that we named this new element mendelevium at a time 

when perhaps it was not the popular thing to do. Nonetheless, the name was an 

excellent choice and has received universal acceptance. 

Today I would like to talk about a neW element (at least we in Berkeley 

c~nsideri t a new element!) and some of the consequences of our recent work. 

Now, this is obviously a very complicated subject Bnd many of you' 

are not familiar with the intimate details of this kind of work, so I have tried 

to put to_ge1;,~~I'~1;,l1is paper in such a way that it will expose you to the maximum 

amount of inform9.tion that w~uld be meaningful. I am going to try to do this 

by using both the transparency projector and slides, and at times they will be 

on simultaneously. I hope this will make ita Ii ttle easier for those of you 

who want t~ study the detailed data. 

Well,. let me start out by reminding you of my colleag:ues wh~ are 

invol-ved in this work. These are Matti Nurmia and James Harris ~f the 

Lawrence Radiation Lal.Jol'at~ry and Kari ane. Pil'kko Eskola, e husband Bnd wife 
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team on leave from the University of Helsinki, Firiland. Robert Silva of the 

Oak Ridge National Laboratory jOined us temporarily to help on the chemistry 

experiments -with element 104 which I will describe later. 

My talk will' cover, first, the element 104 alpha emitters which we 

have found during the last year and a halff second, a description and movie of 

some very recent chemistry experiments which have been completed successfully 

using a longer-lived isotope of element 104 that we have discovered recently; 

and third, our work on spontaneous fission emitters which seems to fail to 

confirm the older claims made by the Dubna group to the discovery of an isotope 

of element 104.3 

A. . TARGET MATERIALS USED IN HEAVY ION BOMBARJl.1ENTS 

Figure 1 - Heavy-Nuclide Chart 

I viII start by discussing possible target materials for use in 

transmutationexperiIilents to make element 104. The chart you see here shows 

only the heavy elements . The important t~rget elements are made ordinarily by 

reactor-neutron buildup. BaSically, the methOd starts with the very abundant 

nuclide, 239Pu, and builds the heavier elements up by a process of neutron 

\ capture and\beta decay. The outstanding work in making the intense neutron 

irradiations and the necessary accompanying cpemical separations is being done 

by the ORNL High Flux Isotope Reactor and TRU facilities in collaboration with 

the Savannah River Laboratory. 

One can progress far up the tab1e--up to 257Fm __ b~t that is as 

far as one can go with reactors. A:j.ong the way, one has some very interesting 

target nuclides. 242pu and 244Pu, which are long-lived, are very good building 

materials for elements below atomic number 104. Americium, clement 95, has two 
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usefu11sotopes suitable for targets, 24.1Am and 24.3Am, 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 

2~ , 2~2~ 
Cm to long-lived Cm. It is this latter isotope, Cm, that we have bom-

barded with 180 ions to make a 70-second alpha emitter, 261104, for use in our 

chemistry experiments. 

250 
Cm would be a very desirable target material, but unfortunately 

it is difficult to make in useful quantities with reactor neutrons. Recently, 

in a sense, it became available--unfortunately it is down about 2000 feet in 

Nevada! There is a fair amount of it there, but unhappily for us at the 

moment, it is very expensi veto recover. As George Cowan will describe, it 

was produced in a nuclear explosion. It is a fairly rich material--about ten 

per cent in mass relative to the other curium isotopes. It would be very 
. 48 

interesting to bombard this material with Ca and it is my candidate for being 

the most useful for making nuclides in the never-never land up there around 

element 114. But whether we get any of it or not is simply a matter of money, 

and we will have to see Dr. Seaborg about that! No small amount either. The 

cost is up in the millions of dollars. 

249 . 
The next good target material one gets to is Bk with a half-

life of almost a year. Unfortunately, it is not very abundant--it tends to 

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

249Cf is the target material which we used initially to make the isotopes 257104, 

258104 and 259104 • We would like to use 250
Cf, except that it is presently 

mixed with the 2.6-year 252Cf, which has a 3% decay branch by spontaneous fission. 

This produces the nuisance that it is also an intense neutron emitter and thus 

ve ry hard to hruid le • 

~. -
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Wben one gets up to element 99, einsteinium, we find. that the most 

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

exceedingly difficult but they can be done when the results warrant it. 25
4
Es 

is longer-lived, but we do not yet have this nuclide in microgram quantities. 

255Es is short":li ved, only 40 days, and again we do not really have very much 

of it yet. 

Eighty-day 257Fm is the heaviest nuclide that is obtainable from 

reactors, but the amount will probably always be miniscule. The best source 

for this material is a nuclear explosion with the aforementioned recovery 

difficultie s. 

B. SOME ProBLEMS ENCOUNTERED IN THE SEARCH FOR NEil ELEMENTS 

As a veteran isotope hunter among the heavy elements, I can assure 

you that, in general, one prefers to look for alpha emitters. This comes about 

because an alpha-particle decay with its distinctive energy and half-life can 

be very specific in identifying the particular nuclide that emitted the alpha 

particle. There are overlapping cases where one has to worry about impurities, 

but by and large, one alpha particle, I used to say, was worth a hundred spon-

taneous fissions. Fission decay 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! At least, we have 

produced thousands of fissions of some activities and we find that even after 

working very diligently, we still are not really sure of their atomic and mass 

• - numbers. On the other hand, a few tens of alpha-particle de.cays have been 

sufficient to characterize n~ny nuclides with commendable accuracy. 

One of the mos t fundamental problems that has to be faced is that 
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caused by the Very small cross section that is typical for the production of a 

new heavy nuclide by means of heavy-ion bombardment of a heavy-element target. 

The reason that the production cross section is small is that it has to compete 

wi th fission at each stage of a reaction where neutrons are emitted in a cascade. 

18 For example, let us take a heavy ion--say O--bombarding a curium nucleus. 

, "" 

The resulting neutron-rich compound nucleus of element 104 can have a chance of 

ei ther evaporating a neutron and going to the- next stage or being destroyed by 

fission. The competition is very rough--about one per cent survive at each 

step. If very many neutrons have to be evaporated, the losses are excessive 

arid one has to contend with cross sections of 10-33 cm
2

, a nanobarn. " With a 

nanobarn cross section experiments ~ be performed with modern techniques, 

but it is not the easiest thing in the world. One does not get a lot of 

activity! 

The complexity of the interactions, of course, can become 

formidable .\·le find reactions where not only neutrons are evaporated but 

also alpha particles and protons, or indirect reactions where effectively alpha 

particles or protons are emitted. Consequently many nuclides can be produced 

simultaneously both among the heavy elements and among the lighter elements 

in the region of 126 neutrons between lead and uranium. These "light" 

alpha emitters become a problem because certain decay chains give rise to 

alpha activities that resemble the heavy ones in energy and half-life. They 

c~n aPPe~~ i~ these experi~Pts from reactions with impurities of mercury, 

thallium, lead, and bismuth at the nanogram level in the target so that special 

care ·has to be taken in the purificati:m of the target material. 

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

find a spontaneous-fission emitter with a distinctive half-life. The 14-ms 

,-

- 'i 
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242 
nuclide, Am, was discovered in this way by the people at Dubna when they 

bombarded 242pu with neon ions hopefully trying to make an isotope of element 

. 
104. Of course, it was a tremendous disappointment for them when it turned 

out to be an isomer of americium. Because of this extremely important find, 

the usefulness of spontaneous 'fission was d~graded terribly as an indication of 

atomic number. Since that time, many more fission isomers have been found, and 

it has become a very interestir.g field in its own right. The Russians well 

deserve the credit for uncovering this new type ,of isomerism, and as Dr. Strutinsky 

and Dr. Bj¢rnhOlm will shOW, there are some very important consequences stemming 

from this research. Later in this paper r 'Will return to the problem of the 

Russian work ona presumed element-104spontaneous-fission emitter. 

Figure 2 - Vertical 'Wheel system for alphaemi tters. 

Let Ire now describe our present method for detecting the alpha-

particle emitters that are produced by heavy-ion bombardment of heavy-element 

targets. The method shown here has become standard for those acti vi ties with 

half-li ves longer than a few milliseconds. The particle beam, cOming from the 

left, passes through a series of degrader foils which lower the energy of the 

beam, and then through the target chamber to be brought to rest in a Faraday 

cup so as to provide ari integrated measure of the number of beam particles. 

In our case, the Hilac beam energy is 10.4 MeV per nucleon and we typically 

desire to degrade it to around 5 to 7 MeV per nucleon. Passing through the 

target, it ejects the recoils of element 104 into a chamber which is filled 

with helium gas at a pressure ofa few hundred torr. The range of these atoms 

is of the order of a centimeter or two for a reaction produced by oxygen ions. 

The recoils stopped in the gas are then carried by the gas stream 
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through a small orifice into a vacuum maintained at a fraction of a torr by a 

large mechanical blower pump. The gas moves very rapidly and, depending upon 

the target-chamter dimensions and the size of the orifice, the time for a 

recoil atom to move from the paint where it comes to rest after ejection from 

the target to its final resting place on the collector can vary from ~1-100 msec. 

After going through the orifice the atoms strike the wheel. In vacuum, 

under experimental conditions which can sometimes be very mysterious, either 

all will stick or perhaps as 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 100% efficiency but are not certain why. It 

seems to depend to some extent on what impurities are in the gas. One ex-

planation that we can offer is that a very heavy conglomerate of the element-

104 recoil and an oil droplet, for instance, has a mass that is so very heavy 

that the particle can be carried through the orifice and stick to the wheel 

with a high efficiency. We have observed that if the gas is very pure the 

efficiency is much less. It is a very ticklish kind of thing and can depend 

upon outgassing of surfaces, etc. 

After a given period of deposition, the wheel is cyclically rotated 

very· swiftly to a position where the alpha-energy spectrum emitted by the 

* recoils can be measured with a solid-state detector. 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 1s placed in front of the crystal detector. 
, -
& 

'l'he angular rotation of the wheel is chosen such that the same point of deposition 

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

* The detectors were manufactured to our specifications by ORTEC. These serr~-

conductor devices were made of silicon with a gold surface barrier and had en 
8 mtTl diameter and a depletion layer thickness of 100 microns. The lip of the 
supportinG: c~ra::J.ic rin,; \-,'3S kept very s:w.ll so that the crystals could be mou11ted 
with t~~eir faces close (",0. 7 rr~'!l) to the wheel periphery. The detector perforr:-:aEce 
was excellent;"-being only marred by fast-neutron degradation. When the resolution 
llad become degraded to a noticeable extent, the crystals were easily replaced. 
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By using a number of detectors around the periphery of the wheel, 

each gr~up of atoms can be measured that number of times and so provide further 

decay data. The slide is a schematic version of our old four crystal-position 

system. The equipment has now been m~dif-ied to provide five crystal positions. 

Later I will show a slide of that system which demonstrates how we use twenty 

crystals to rec~rd the milking of the alpha-recoil daughters c~ming from decay 

of isotopes of'element 104. 

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

The impuri ty pr~blem that I referred to earlier' can be very taxing 

at times. Fortunately, once it is known that this is a problem it cap be taken 

into account if its magnitude is not too intense. As an example, one of the' 

acti vi ties that is found is 211~0, the 25-second isorer which has an alpha 

energy (8.87 MeV) in the range that we are searching, but fortunately has a 

25-second half-life. It also has a very prominent group at 7.27 MeV which 

can be used to identify how much of an 8.87 MeV ,activity it is responsible for. 

One also makes
212m

po,a. 46-second isomer with the very high alpha­

particle energy of 11. 65 MeV and, again, it can be used as a measure of the 

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 12C or l~ ion bombardment. 

We have recently uncovered another problem that has plagued us in these-

experiments. It is a phenomenon which we do not yet understand that we call 

"self-transfer." We find th~t,in vacuum, a fraction of the atoms on the 

wheel, of their own volition, will leave the wheel and go over t~ a faCing 

crystal. We have observed this p;jenomenon in the case of 250
Fm and 

25!~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 

- I 

- . 
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surface. It happens from plastic, platinum, or aluminum surfaces. It does not 

depend upon the carrier gas; it happens to the same extent with hydrogen as 

with helium. It does not depend on the amount or surface density of the 

activity. We have changed the pressure in the general region near the crystals 

without seeming to affect it. It is simply that some of these atoms spontan-

eously seem to leave the collecting surface. If the wheel is not moved, the 

effect is not observed, so obviously it is not caused by direct collection of 

the activity on the crystals from the gas jet. On the other hand, the effect 

is ol:Jserved simply by quickly removing a crystal which is facing the wheel and 

counting it away from the wheel. The interesting thing about this phenomenon 

is that its apparent "half-life" in the case of fermium is about two seconds; 

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

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

214 213 
prominent activities, . Ra and Fr. The problem was trouble some to us 

because in certain cases it could simulate the legitimate transfer of daughter 

atoms recoiling as a result of the alpha decay of element 104 mother atoms. 

The odd half-life effect also troubled us because at first we attributed it to 

a large losso! activity from the wheel. We worried that we were measuring 

half-Ii ves properly • vie were reassured when we found that over a .Tide range 

of half-life we obtained the same periods for well-known nuclides as those 

* which had been measured by other techniques. 

This then is the method with some of its problems. 

to the results obtained. 

i(-

Let us pass on 

Subsequent to the Conference we have performed new experiments which seem to 
i!ldicate that the transfer effect is_~aused by nuclear recoil from isomeric 
transi tions to the Ground state in 2)"Fm and 254Uo. 

- iI 
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C. THE ELMENT 104 ALPHA EMITI'ERS 

Figure 4 - Alpha-particle ener~versus neutron number. 

This isa standard kind of alpha-particle energy versus neutron-number plot 

for the heaviest even-Z elements and demonstrates the typical behavior around 

the 152-neutron subshell. When this slide was made some years ago, these were 

the predicted positions for element 104, and I will show a slide later on of 

where they fit in now. 

ex ). 8.70 - 9.00 MeV 
"'5 sec 

This 1s the reaction used in the experiments first performed in 

July of 1968 when we observed an aipha-emi tting isotope of element 104. The 

latest target used has 60 micrograms of 249Cf in a circle 3/16 inch in diameter. 

Two other targets were used before this one -which gave simD.ar results. We find 

a very complex alpha-particle structure in the decay of 257104 with groups at 

8.70, 8.78, 8.95, and 9.00 MeV. 

Figure 5 - Alpha spectra from 257104• 2. 

The cross section, 10 nanobarns (10-32
cm2), is relatively large 

by our present standards. We observe about 30-alpha counts per hour at a beam 

level which dares not be increased by a factor of one and one-half without risking 

the destruction of the target. You can see that we are pushing our sensitivity 

to the absolute maximum. But a production rate of 30 counts per hour of dis-

tincti ve alpha-energy groups produces a 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-life for 257104 is quite distinctive and the peaks stand out against the 
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Fig. 5. A series of alpha 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 
spectrun from each of the four crystals along with their sum 
1s shown. The total numi'er of microampere hours was 81, 
measured as fully stripped ions. The 8.60-HeV peak 1s due 
to 258Lr. 
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small 8.87 -MeV 2ll~o background produced from the lead impurity. The stand -in for 

this experiment was a 248cm target which bad a similar amount of lead as de-

termined by lIB experiments to make Fr isotopes. 
248 

When the Cm target is 

substituted in the 249Cf 

but instead the 3~second 

+ 12C experiment, we find not the ~lement-l04 alpha emitter 

256
No activity with kn entirely different alpha spectrum. 

Figure 6 - Energy le'lels from 25~m, 2 55NO , a~d 257104 data. 

The spectrum that we have obtained for 257104 shows these 

particular levels. Shown for comparison are nuclides which are similar. \ole 

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

Figure 7 - Alpha spectra from 259104. 

In this next experiment we expe,:!ted to make 259104, and we do 

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

248 
that isotope. We have also made oxygen bombardments of the Cm target which 

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

that for 257104, but they are consistent and the spectrum looks definitely 

different from that for 257104 • We believe its proper assignment to be to the 

isotope 259104• 

The 8.6-J.1eV peak that is present in these runs is very interesting. 

In otter experiments invel ving 248Cm plus 15Nand l4N ions, we have made this 

same 4"second activ~ty anq t!e 1;>elieve it t9 be due to 258r,r! 

4 
In the 1961 element 103 discovery experiments we found an 8.6 MeV 

alpha:. . emi t ter and reported a half-life of ab'Jut 8 seconds. At that time we 

bombarded a mixture of californium isotopes with masses 249-252 with lIB and 
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Fig. 7. Alpha spectra from 259104 produced by the 249Cf (13C,3n) 
reaction. The wheel-cycle rate was 1.2 seconds per crystal. 
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10 i . d' h t t d th i t i B ons an we ave norepea e ose exper men s s nce. This was the first 

attempt to do it in a different way and the results indicate that this is the 

nuclide that we were dealing with at that time. We have not complete'd the new 

lawrencium experiments and feel that there could be 259Lr mixed in here with 

8 similar or longer half-life and this would complicate the interpretation 

of the 1961 results. We have not had time to go 

Figure e - Alpha spectra for 259104 produced via 

* back to it yet. 

248 16 ' 
'Cm( 0 z 5n) reaction. 

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

plication of the lawrencium isotope. This is 248Cm plus 160 and we find that 

the 259104 spectrum is much cleaner. 

Figure 9 ~ Excitation function for 259104 produced via 248cru(160,5n) reaction. 

The next slide is the excitation function for the 259104• Notice 

that we also make isotopes of nobelium with very good yield. One can make 

large amounts of nobelium in this way and it provides a good method for 

studying nobelium isotopes. 

The two methods of producing 259104 are consistent. They are not 

as elegant as we would like, but we have not had time to complete them properly. 

The final proof of the assignmehts was furnished by alpha-recoil milking ex-

periments which show that 257 and 259 are indeed the mass numbers of these two 

element 104 activities. I have a slide of that later. 

248 18 261 a ~8.25 MeV 
Crne 0, 5n) . 104 ) "'70 sec 

\ole next turned OUT attention to trying to find the mass number 26l. 

We believed that 261104 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, if 

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

248 18 
~ ___________ ye bombarded Cm with 0 and at first had a very difficult 

*Sincc the conference w15hnve found an act~ If-8 ty which is best assigned to 259LrJ 
produced by low-energy;; bombcrjr.1ent of'::; Cm. l,{e find alpha particles of 
8.1~3 NeV with a half-life of 6. 5=::2 seconds. 
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248 16 . 259 Fig. 9. Excitation functions for the Cm( 0,5n) 104, 
248cm(160,a3n)257NO, and 248cm(160,a4n)256No reactions. 
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time in finding what we were looking for. The reason was that it was lost 

, 261 
uridernea th its daughter's spectrum. The 104 alpha-particle energy is right on 

top of the 8.3-MeV 257no . When we got around to examining this region in 

detail we saw that the half~life was not quite right to be only 257No and we 

then knew that the 261104 must be hiding there, too. 

Figure 10 -Alpha s"Qectra at 48' seconds per crystal. 

The next transparency shows the spectra taken at 48 seconds per 

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

257No that is produced 'directly • By analyzing these spectra with the com-

- - 261 
puter, we were able to show that it was consistent with a 70-second 104 

growing into the 25-second 257No • We have not yet made more than a crude ex-

citation function with this activity because of its low prod~ction rate. We 

make a maximum of five counts per microamperehour of the mixture of 104 and its 

daughter at the calculated peak for the excitation function. 

18 . 
Figure 11 - Alpha spectn;m of lead plus 0 ions. for comparison . 

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

lead plus 180 , spectrum under similar conditions. This' is just the total 

spectrum. We find nothing that corresponds to the 261104 - 257No chainj instead 

218 214 . 
we see alpha partlcles corresponding to the Fr --7 At sequence decay~ng 

222 
wi th a l-minute half-life. This is odd since their precursor, Ac, is known 

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 to keep the chain alive. 

Figure 12 ..., Alpha spectra of 256
no and 257no produced in 248cm + 13C reactions. 

261 

In order to be sure that we ,.ere really dealing with mass number 
that its daughter, 

we felt it necessary to go back and prove once again ; 257no, was an 

8.3-HeV 26-second alpha emi tter. 
2 1}8 13 

We bombarded the Cm target with C ions 

and here nre the results of the rlm6 made at 20 seconds per crystal using the 
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Fig. lO~ A series of argha spectra of the activities produced by bombardment 
of 240Cm target with 0 ions. Minute lead and 'mercury impurities in the 
target give rise to most of the alpha peaks in the spectrum, the former 
contributing most.ly 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 peri"orlTEd using the five crystal-position apparatus 
anc;1. the spectra are thus of individual crystals and theIr sum. The 
21Ojrr, .2l4At chain is presumably kept alive by a I-minute alpha­
emitting isomer of 222Ac. 
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Fig. 12.· Alpha spectra of 256No and 257No produced by 248cm(l3c ,xn) reactions. 
Four crystal-position system at 20 seconds per position. 
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old 4 crystal-position system. We found the 257No· activity decaying wi th a 

half-:j..ife of 26 seconds with the alpha energies indicated here, 8.22 to 8.32 MeV. 

256 The 3-second . No is also produced. 

256 . 257 . 248 13 
Figure 13 - Exci ta tion functions for No and No made m Cm + C reactions. 

Thenex: transparency shows the excitation functions for these two 

activities. These are consistent with the mass assignments of 257 
.assuming they were 

and 256/produced by the evaporatibn of four and five neutrons, respectively. 

Figure 14 - Crystal-shuttle system for alpha-recoil milking experiments. 

The next step was to show the genetic relationship between 261104 

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

takes place due to recoil when the mother atom undergoes alpha decay. This. 

slide indicates the method that we used. The atoms on the wheel, which we 

will call the mother atoms, can either decay by ern! tting an alpha particle 

outward, which is then detected by the crystal, or it can shoot the alpha par-

ticle into the wheel in which case the daughter atom leaves the vTheel in exactly 

the opposite direction and lodges inside the crystal. Obviously there should 

) 
be as many daughter atoms in the crystal as there are mother alpha particles 

detected. All that is necessary then 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 places another crystal next to it SO that there is a chance at high 

geometry to observe the alpha-particle decay of these daughter atoms. By 

keeping track of the decays in the two positions, it is possible to measure 
occurring 

the number of mother events Ion the wheel and the corresponding daughter events 

-.. 
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Fig. 13. Excitation functions for 256NO and 257No made in 

21~8cm + 13c reactions. 
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off the wheel. 

With only a single crystal being moved off·the wheel periodically 

to measure the. recoil daughter, one loses a factor of two because of the time 

that the detector is away from the wheel waiting for the daughters to decay. 

With a double-crystal system, one crystal being examined off-line for its 

daughter atoms while the other crystal is looking at the mother atoms on the 

wheel, and then vice versa, this lost sensHi vi ty is recovered. There is also 

the very important double check of one set of crystals versus the other by 

this redundancy. The data from the 20-detector system are processed and stored 

by a PDP-9 computer and ancillary units. 

Figure 15 - 257104 ~ 253Nci milki~g experiment with 8-crystal system. 2 

To show the strength of the ~enetic milking experiments, this slide 

shoVTs those performed with 257104 decaying to 253No using the old 8-crystal 

system; that is, four crystals looking at the wheel with four daughter-measuring 

crystals looking at these sarre crystals in the off-wheel position. Though our 

sensi tivi.ty ,,.as low with this system, nonetheless, we did observe the 105-sec 

8.01-MeV 25~0 daughter activities in the crystals when they were off th-2 

wheel. 

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

8.10-},leV 25
4
no which, a.s I mentioned, was transferred by itself, not by alpha 

recoil. Fortunately, it only happened at the first crystal position because 

the tra...'1sfer half-life was less than a second and the wheel-cycle rate was 3 

seconds per position, so that it waf$ possible to detect the alpha-emitting 

daughter completely free from interference in the s~cceeding c~ystal positions. 

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

posi tions. ?5~ 
This activity had the proper half-life and energy to be ,. ~Ho and 
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Fig. 15. 257104 ~ 25~o milking experiment with the 
8-crysta1 system. 
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the number of decays that we observed was consistent with the number of alpha­

particle decays of 257104 that we observed on the wheel. * 

Figure 19 - 261104 . ~257NO, milking experirrent with 20-crystal systeE!' 

This slide shows the results of the mi~king experiment in which 

257No was observed as the daughter of 261104• In this -work we used the more 

efficient 20-detector system. We have plotted the number of daughter events 

in the interval 8.2 to 8.4 }trev and the results from several independent runs 

are combined. The number of daughter events observed at each of the five 

. . 261 4 
positions is determined by the half-life of the 10 mother atoms and We 

find a value of about 70 seconds • The half-life of the daughter 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 sequence. The value found was. consistent with twenty-five seconds" 

I believe we have proven here in the best possible way the genetic sequence of 

261104 decaying into 257No • 

Figure 20 - Alpha particle enern;y versus neutron number with the new element 
10~ values. 

Let 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 is the alpha energy of the most abundant group; the gr0und states could 

be a little higher. Quali tati vely, you can see that this is not quite what 

we predicted four years ago. I understand, however, that these values are 

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

* Since the conference we have repeated this experiw£nt using the much more 
sens'it! ve 20-crystal system. The new experiments benefited also by an increase 
in resolution and counting yield due to the incorporation of other improvement.s. 
The results are substantially the same as before· and are shown in Fias. 10 and 17. 
Analysis of the data indicates a hEllf-life of 4. 8±0. 5 seconds for 257104 as mensured 
directly by its c.lpha-particle decay; a v-alue of 4.4±1.0 seconds is obtained by 
measuring the amount of 2531':0 :r,ecoiling at each crystal position. Figure 18 S!10WS 

comparoble spectra with Pb + L:· C under similar conditions. 
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Fig. 16. A series of alpha spectra of the activities produced by recent bom-
bardments of 249cf target with 74-MeV l2C ions. The experiment was done with 
the 20-crystal system and the spectra shown are from crystals in the on-wheel 
position. The wheel-cycle rate was 3 seconds per crystal position. Again 
some of the labeled peaks are due to a lead impurity in the targ~t. The 
6.04-l/ieV 2l0Rn peak has the apparent half-life of its mother, 2l4Ra, because 
the observed events are due to the decay of 241~ atoms recoiled to the 
crystals as a result of the alpha decay of 21 Re. atoms. 
(Note in proof: The 8.87-HeV peak is belieVt!d to be due to an O.7-sec isomer 
of 258Lr (or possibly 257Lr) plus the 2~-sec 21lmpo) . 
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Fig. 17. A series of alpha spectra from the same 
experiment as in Fig. 16 but recorded by the 
crystals in off-wheel position. Each spectrum is 
thus a SUl1l of events from four crystals in the 
same crystal position. The on-whee1--off-vlhee1 
cycle was 100 seconds, while the Vlhce1-cyc1e rate 
was 3 seconds. 
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Fig. 18. A series of alpha spectra of lead plus 
12C taken under similar conditions to those in 
Fig. 16. The :::'atio of 21°Rnj214Ra is smaller 
than in Fig. 16 because the decay Qf 2l0Rn was 
not followed equally long after the bombardment. 
Because of the differences in tar~et thic~~ess 
and beam intensity, the ratio of 2llmpo(8.87 MeV)/ 
214 

Ra(7.14 MeV) is higher in the lead spectrum. 
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Fig. 19. 261104 ---t 2 57No milking experiment with the "20-crystal" 
system. 
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masses so that this data may n~t really represent any great irregularity. It 

does not s~em to bother any of the theoreticians. 

D. FIRST AQUEOUS CHEMISTRY OF ELEMENT 104 

Figure 21 - Chemical periodic chart. 

Our next step was to try to do chemical experiments with this 

we11-e~tab1ished isotope of element 104. With a 70-second half-life it seemed 

that we might be able to do meaningful chemistry. In conversation with 

Dr. Seaborg I indicated that this was possible with some 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 a 

command. That was just six weeks ago. We proceeded rapidly to set up a fairly 
,. 

·comp1ica.ted experiment which, I feel, turned out very successfully. I have a 

movie shOrTing some of the details of this experirrent which you might be amused 

:t6 see. 

You will remember from Dr. Seaborg's periodic table that element 

104 should be like hafnium if it behaves the way it is supposed to. That means 

it has four valence electrons and a similar ionic radius and thus a system can 

be used that can separate it uniquely from most of the other elements. I have 

portrayed the method in a little sketch here. 

Figure 22 - Sketch of chemical rr.ethod used for separating element 104. 

The simplicity of the rrethod depends upon its chemistry being so 

much different from that of the actinide elements that it will not be adsorbed 

readily on a cation-exchange co1urrn. Using the a1pha-hydroxY-isobutyrate elua'nt 

that we t~ypically use, the eka-hafnium ato!:lS sr.ou1d be wasl:.ec straight throl~gh 
. . 

the column. Bob Silva, Jim Harris, and r·;atti Nurmia w6rked out the necessary 
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Fig. 22. Sketch of chemical method used for separating element 104. 
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conditi~ns f~r perf~rming this separation very quickly. They found that it 

was possible to elute hafnium off the c~lumn with the necessary speed so that 

the problem became simply a matter of logistics, Le., getting enough atoms 

in a series of experiments to give meaningful results. 

As it turned out, by a factor of tw~ we obtained somewhat fewer 

a toms than we expe'cted. We think that the probable reason was mechanical 

losses, which is not t~o surprising under the circumstances. When you see 

the m~vie I think you will appreciate s~me of the difficulties. We detected an 

average of ~ne atom in ab~uttwenty experiments with each experiment taking 

about five minutesalt~gether. This was not as bad as it might seem because, 

fortunately, the experimental background was essentially zero. 

248 
The technique is quite simple. The Cm target is bombarded 

in a recoil chamber just as in the o.ther cases. The recoil atoms are entrained 

in the gas stream which hits the bottom of'a rabbit. On the bottom of the 

rnbbitthere is a platinum plate with a thin coating of ammonium chloride 

previously evaporated there so that the atoms of element 104 can be dissolved 

readily. 

The rabbit is shot very qUickly to the chemistry area (in a matter 

of a second or two), and rranually plugged into a holder where automatically the 

eluant can be rinsed across the face of tr~ catcher. A 50-lambda portion of 

the solution dissolves the material and puts it on the column. The column 

is then pressurized to force the drops of eluant through at the rate of three 

or four sec~nds per drop. The firs t t,m drops are thrown away. The next four 

drops are where hafnium comes off. 

Drops t~ree through six were counted either singly or in pairs 

in separate COlmtc rs. The computer keeps track of the time ,,:hen each bombardment 
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stops, when each sample is placed in the counter, and when each alpha decay 

occurs along with its energy. In this manner the data can be summed up from 

all the bombard~ents properly. 

A very important hurdle that had to be overcome in this 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 

evaporate it fast. It simply is impossible to do by ordinary techniques. 

Finally we ev.>lved a system. which made use of a hollow cylinder of hot helium 

blowing down around ·the drop. This made it possible to evaporate the drop in 

about 5 seconds 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 wiil understand 

better the whole experiment. I will try to narrate it as we go along. 

Movie - First aqueous chemistry of element 104. 

This movie was made just tIro weeks ago SO we have not had time 

to be fancy. 
. 248 

This is the target--60 micrograms of Cm. Like the californium 

target) it was electroplated onto a 100 microgram/cm
2 

surface of palladium which 

had been sputtered upon a 2.4 mg/cm2 beryllium foil. Matti Nurmia's hanps 

are installing the target in the recoil chamber. You can see the gas-jet 

orifice on the top of the chamher. Now he is fastening on the degrader-foil 

holder which is liquid-cooled. 
o The coolant we use is alcohol at -20 C. The 

beam will go through the degraders to be reduced to an energy of 94 MeV. The 

recoils will be swept out of the chamber by the helium gas and will emerge from 

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

next. 
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The whole system 1s 1n a rough vacuum provided by a large Heraeus 

blower pump. The pressure depends upon the helium fl~w rate used--typ1cally, it 

is in the range from 100 to 300 microns. 

This is the rabbit system 1 tself. It is a cylinder which houses 

a piston with a: hole for a vert1cally-m~unted rabbit. When the piston is pneu-

matically shuttled, the rabbit is moved to a position where it can be blown out 

into a connecting transit tube to the laboratory bench. 

To make certain that the degraded energy is correct, a solid-state 
. l8. . . 

detector monitors the scattered 0 beam emerging through a thin window in the 

target chamber. 

Now, Jim Harris and Bob Silva are getting ready to do the chemistry. 

Here comes the rabbit. Jim plugs it into the side of the column and the liquid 

flows across washing the ammonium chloride off the rabbit. It then fl01'Ts off 

down through the small tube onto the top of the resin colunm. The column is 

pressurized and the drops come out. The first two are thrown away. There is 

the fast evaporator. The stream of hot helium gas is cOming out through little 

holes in the botton of a copper annulus. 

Now, here are drops 3 and 4. These will be evaporated down very 

quickly while the next drops are cOming off. As soon as the evaporation is 

concluded the platinum plate is flamed with an induction heater and placed 

upside d~wn on top of a solid-state detector. Now the sequence is repeated so 

that you can see the details again. 

The counting system has eight Si (Au) detectors,- each in its own 

vacuum housing. As soon as a sample is placed next to a detector, a switch is 

thrmm which tells the computer that the counting interval has started. Since 
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all eight detectors are not usually needed for a single experiment, a new 

experiment can start while the counting is continuing on previous experiments. 

These are the preamplifiers, amplifiers, and discriminators, modular 

units that were designed and built 1n oilr laboratory. The pulses are combined 

and sent to the computer with proper identification signals. The processed 

information for each alpha event is stored on IBM magnetic tape together wi th 

the time of each eVent. Energyirrformation between the limits of 6 and 12 MeV 

is stored in 5l2channel spectra .• 

End of film. 

One of the unnerving aspects of this experiment was that it was 

difficult to kriowwhen the procedures were working correctly. We did not have 

a sui table internal tracer available and at best we did not expect more than 

261 257 one countable atom of 101~ or its daughter, No, in 10 experiments. At 

the same time it was ,necessary to continue making improvements in the techniques 

employed. FortlUlately, after a few days in which many dozens of ~xperinents had 

been carried out, we could see that we were probably going to succeed even 

though our yield was lower than expected--all that was necessary was to perform 

the task several hundred times. This burden fell largely to Silva and Harris 

and they did very well indeed. 

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

automatically--i t is just too hard to do with people. We believe that we can 

,- autoL~te the whole system and do meaningful chemistry with an even smaller 

rate of production than one count in e\~ry 20 experiments. 

Figure 23 - Alpha spectra of the catcher foil without chemical separation. 

These are the results. This is the sum of the alpha spectra from 
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Fig. 23. Alpha spectra of the catcher foil without chemical 
separation. -, 
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many detector analyses of the catcher foil 'Without chemistry. The. identified 

activities belo'W 7 I·1eV are made from knmm lead and Iri.ercury impurities in the 

8 261 04 . target. Inthe .3 geV region we find the alphas from 1 and its daughter 

257No •· Some of the 257No is 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 perhaps theoretical-drop 

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

la'Wrencium at about drop 200. As· long as 257No is held· up by the column there 

is no interfering activity at this energy to obscure the detection of the 261104 

atoms • 

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

The combined spectrum of drops 3-6 that 'Were 'Washed through the 

column is shown here. There 'Was a total of seventeen countable atoms 'Which 

were separated chemically by the resin column and as you can see there 'Was 

nothing else in this early fraction. These decay 'With a half-life ·of about 

a minute. The next six time channels 'Wlnch are not shown have no counts in 

them in this energy region~ 

These results, I believe, are completely beyond question and show 

that element 104 has an aqueous chemistry different from that of all the other 

transuranium elements. 

These seventeen events remind me that just fourteen years ago the first 

chemistry on element 101 'Was done with just seventeen atons! 

(Subsequent to the conference, the final comp~ter analysis of the 

results of all of tbe chemical experiments became available. It shows that of 

the seventeen events l~ported there 'Were two double eventsj that is, in two 
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experiments there was one 8.3 MeV alpha followed by another within, a minute. 

Since the counting was performed at about 4010 geometry, it was expected from a 

statistical standpoint that there 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. Roughly one half of the element 104 atoms that were separated 
, 

chemically would be detected as nobelium atoms since as element 104 they either 

would have decayed before reaching the counter or would have decayed in the 

counter into the platinum plate on which they were mounted.' Correcting for 

the double decay observed, there were thus only 15 countable atoms of element 

104 separated by the column. On the other hand correcting for geometry there 

were 35 atoms of eletrent 104 separated, so perhaps we exceeded the 1955 results 

for mendelevium after all!) 

E. ATTEr.fPTS TO FIND THE REPORTED FRACTIONAL-SECOND SPONTAJ'I.TEOUS-FISSIONING 

ISOTOPE OF ELErvlENT 104. 

NOW, I would like to go on to the spontaneous-'fission emitters 

and some of the problems that we have had: 

Figure 25 - Duena sDontaneous-fission experiment for detecting element 104 
-11§.J-1969) . 

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

done six or seven years ago at Dubna and published first in 1964.3 In this 

experiment reaction products were knocked out of a 242pu target by 22Ne 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 8 reported half-life of three-tenths 

of a second. 'Ibey mentioned backgrounds with half-lives of 14 milliseconds 

(due to 242mAm, as it later turned out) and 8 seconds (attributed to 256No fission 
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Fig. 25. Dubna spontaneous-fission experiment for detecting element 104 
(1963-1969) • 
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branching decay, although our best half-life for 256NO is close to' 3 seconds), . 

along with a neutron-induced fission background. This experiment was done 

initially inside the 3-meter cyclotron, so it was very difficult work. The 

rate at which they detected the 0.3-second events at that time was about one 

count every five hours. When they published their work, they assigned the 

actiVity as being most likely due to 260104• Subsequent gas chromatographic 

experiments seemed to confirm the purely physical experiments • 

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

The next slide shows the system the t we have used in searching 

unsuccessfully 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 

or lexan detectors so that fission events can be detected as etchable tracks. 

The drum also goes back and forth along its axis so that any long-lived back-

grounds are spread out over a very large area; we can get a discrimination ratio 

of the order of a couple hundred to one if we adjust the rotational speed so 

that the atoms that we wish to detect decay into the first few centimeters of 

the mica near the target. It is a very simple, very handy method with a counting 

yield of nearly 100%, depending only on the efficiency of detecting the tracks. 

Wi th uranium-free detectors it can be a very low background system. 

Using this method we found a new spontaneous -fission activity 

which has a half-life of eleven milliseconds by bombarding our 249Cf target 

'th 12 13 w~ C and C ions. The cross section is fairly large (io-32cm2 ), so that 

over a period of tirr,e "'e have had thousands of fission events and yet, oddly 

enoagh, we still do not have absolute confidence in their really being d~e to 

258104, the most obvious essignrrent. They most likely ~ due to this nuclide, 
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but it is simply hard to be certain. We have done 12c,3n and 13c,4n excitation 

functions and find that they are consistent with one an::>therj yet there is 

always a doubt since there is no way to tell one sp::mtane::>us-fission event from 

another. 
242m 

One worries about Am which has a 13.7 millisec::>nd half-life. We 

have done other experiments which tend to indicate that this nuclide is not 

made with any significant yield when using such a hea~J target with a light 

projectile. Nonetheless, we still have sore doubts. 

Figure 27 - Spo~tanejus-fiss~on half-life versus neutron number. 

The next slide shows an empirical plot of spontaneous-fission 

half-life versus neutron munber. It has no physical meaning that we know of 

but it is a very convenient way of systematizing the available fission data. 

When plotted in this manner it appears that at the 152-neutron subshell there 

is a sharp increase in half-life. One way of interpreting this effect is to 

say that the very slight change in mass near the subshell is enough 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, perhaps the heavier 

elements would n::>t exist in the laboratory at all! 

Plotted here is the Dubna point which is claimed to be 26°104. He 

'Would say that the point is· too high by orders of magnitude because our 25
8104 

point seems to fit very well with a simple empirical extrapolation from the 

nearby, lighter elements. 

Seeming to reinf::>rce this interpretation are three other important 

i 258 2h6 d 244F VI . th po nts-- No, Fm, an m. e have produced these thr~e nuclides w~ a 

fair degree of confidence, and yet since there is no way of making this mode of 

decay as specif,ic as alpha-particle emission, there still remains some uncertainty 

that our assignments are correct. 
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Consistent with this spontaneous-fission half-life systematics 

picture is the upper limit set by various research groups on the half-life of 

258
Fm• It still has not been found ahd the spontaneous-fission half-life 

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

seem to be consistent with 260104 being as long-lived as 300 milliseconds. 

The next questi:m to be faced is whether the 0.3-second spontaneous-

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

that neW- experiments performed since our announcement of the new element-104 

alphaemi tters showed that this half-life is more like 0.1 second: so we 

examined our earlier data to see whether this lower value could also be excluded. 
( 

We decided that our sensitivity was lowered somewhat and it would be well to 

repeat these experiments using an improved drum system • 

. These new experiments have also hot been successful in finding 

an isotope of element 104 with a. spontaneous-fission half-life· in the 0.1-0.3 sec 

region. In order to illustrate what our new cross section limits for various 

reactions mean, I will indicate them as values relative to calculated excitation 

functions for these reactions. These functions are due to TorbJ~rn Sikkeland
6 

who pioneered in the use of the Jackson-type calculations empirically fitted 

to dozens of experimental curves obtained at.Berkeley and Dubna. Thesecalcula-

ted functions are extremely useful, and in general we find that they are not 

off in the worst case by more than an order of magnitude in absolute cross 

section. These errors can be corrected by adjusting the pararreters, r f(r +rf ) n n 

and R ,by using our latest data. 
o 

242 22 . . Figure 28 - Calc':.:lated excitation i':';1:.ctions for ?u + l~e. 

The 242pu + 22Ne excitation function should look like this. As 
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260 259 . 
you can see, the cross sections to make 104 or 104 are sorrewha t less than 

ananobarn (lO-33 cm
2 ).That for 261104 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 data in this region with the calculated functions at energies near 

the coulomb barrier. 

I understand that the Dubna value of' the cross section for the 

production of the O.l"-second activity is approximately 0.8 nanobarns at 114 1"f.eV. 

261 This relatively large cross section would seem to rule out 104 as being 

responsible for the activity, iIi agreement with our finding that it is a 70-sec 

alpha emitter. An assignment to 259104 might be made on the basis of' cross 

section, but since we have already found a 3-second alpha emitter corresponding 

to this nuclide it would then be necessary to attribute the O.l-second activity 

to a fission 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 than 

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

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

seem to us to limit the rr.ass assignment of this acti yay, if indeed it is 

due .. to element 104, to 260, or less likely to 259. 

In our attempts to reproduce the 0.3 (now 0.1) second fission 

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

"'~ element 104, we can make it more readily by using a higher-Z target and a 

101,er-Z prOjectile than by bombarding 242pu with 22Ue ions. We obtain hlo 

advantages by this approach: larger cross sectionsandfewe·r complicating side 

reactions. This assurr!ption ,{ould appear to b,= still valid ev-eri if "'..eare 

attempting to make a fission isorr.er of elerr.ent 104. 
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Figure 29 - Calculated excitation functions for 246cm + 180 • 

By using the reaction, 246cm(180 ,4n), we should make 26°104 with 

what we consider to be a sizeable cross section. There is some evidence to 

18 
believe that the 0,4n cross section might be actually somewhat larger than 

that which has been calculated. -The bar indicates our present limit for 

production of the O.l-sec~nd activity. This conservative limit is more than 

an order of magnitude below the expected cross section. 

Figure 30 - CrllcGlated excitation functions. for 248Cm + 160 . 

"248 . 16 . 
. We have bombarded Cm with ° and again we have not. fou..'1d the 

O.l-second activity. In this case the limit was only a factor of 4 below the 

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

3-second 259104 alpha emitter is above the curve by a factor of 1+ \-,hich could 

indicate that the calculated value for the 248Cm(160,4n) reaction is somewhat 

low. 

248 16 
F:i,gure 31 - Some experincntal excitation functions for Cm -1- 0. 

Last week we bombarded the 248Cm target with 160 ions again and 

ran the drum at two higher speeds in the hope of finding spontaneous-fission 

activity which might be due to 26°104 if it had a half-life shorter than 0.1 

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

to its yield and r2sults of cross-bombardrrent experiments is probably due to 

258"T,o_ 7 . 257 256 
1 _ Compare the yields to make No and No. 

At a slower rotation we detected an activity with a half-life 

between 10 and 3'0 milliseconds but we do not yet have an ass:ignment for it. 

Of course, it could be due to 26°104 although it seew£ that such a half-life is 

much too long. For that rna tter the I-millisecond activity could also include 
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260 258 260 104 as well as No, however it seems to us more likely that the 104 

half-life is in the microsecond range. 

. that 248 16 257 
Incidentally,notice/the Cm( O,ojn) reaction makes No 

very clearly. 
. 18 

When we bombard the same target with 0 ions, we would expect 

to make 259No quite readily. Yet we have not been able to identify it even 

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

a fairly wide half-life range. It makes us wonder whether 259No is also goi~g 

to turn up among the miss ing because of having a shorter half-life than expected. 

F. CONCLUSIONS 

This, then, is our most recent work on element 104. In swnrning 

up the consequences that would seem to follovT from our results, I suggest that 

it is proper for us to draw the following conclusions: 

1. We have established with great confidence the alpha-decay 

properties of the isotopes 257104, 259104, and 261104, and there is a reasonable 

probabili ty that we have also characterized the spontaneously-fissioning 

isotope, 258104 . 

2. We have chemically separated elenient 104 by an aqueous method 

fro~ the other transuranium elements and shown- that it behaves like hafnium 

and zirconium as expected. 

3. We have searched diligently without success for an isotope of 

element 104 that. decays by spontaneot.;s fission witl1 a half-life of three-tenths 

of a second (the original Dubna-postulated value). We have more recently 

repeated these experi~~nts with higher sensitivities, but find equally negative .» 

results for a half-life dOvTn to a t.enth of a second (their revised value). 

4. He are sugc;esting that element 104 be called rutherfordium, 

after Lorj 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 

ea.rlier findings of the Dubna group of an approximately three-tenths of a 

second spontaneous-fission activity, we will withdraw our suggested name and 

accept that proposed by the Soviet group, kurchatovium. 

I and my colleagues in these research efforts 'Would like to acknow-
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bers of our laboratorJ. In particular we are grateful to C. Corum, R. Leres, 
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the experiments and to F. Grobelch and the Hilac operating crew for the patient 
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This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

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

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

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