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Mr. Chairman, most distinguished ladies ahd gentlemen, it is indeed
a greet privilege for me fo appear at this assemblage honoripg Marie Sklodowska-
~ Curie. 1In the early stages of my.scientific careef,esome twentyffive years -
ago, I developed an enormous respect for the pioneers iﬁ the fieid'of the
radio-elements.' It was my task to_repeat some oOf the.eariy measurements
using techniques far more advanceg.than those availeble to MErie Cﬁrie and_
her collaborators( It became‘clear to me that tﬁese people of necessity had
.substituted skill and'ingenﬁity for sophisticated equiém.erit° The speed wiﬁh
ﬁhich they proéeeded‘infmaking their great discoveries wes really quite
remerkable. | |

I wae fortunate tq be one.of Dr. Seaborg's collaborators in thekdis-
eoveryabf element 96‘which we named curium in honor ovaarie ahd Pierre Curie;
So_rapid is fhe scientific pace in moderﬁ times'fhat'iﬁ was Qﬁly eome 13 yeefs
before other-isoﬁopes of curium were being used in‘bombardments te‘makevthe
much‘heavier element 102 aﬁd'teday;I want to start out by reviewihg briefly
>ewhat we knowvabout nobelium some ten years‘latef. For a detailed-discussioh
';of the compllcated hlstory of this 1nterest1ng element I refer you to a.
-recent artlcle in Phy31cs Todayal |

| The flrst successful work-@ﬁ_élement 102 was eecomplished eerly in:

’ 19581by'the method illuétfated'in Fi.g.;l° In this experiment, which was .

X ] . : ' ; ' . . .
This work was done under the auspices of the U. S. Atomic Energy Commission.
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performed at Berkeley with the Heavy Ton Linear Accelerator (HILAC), the object
wés to demonstrate the existence of element 102 (produced by thevbombardment :
'5f curium by carbon ions) by the indirect method of milking fer@ium daughter
nuclei produced by alpha décay‘of element 102. This work was sucéeszulszut,
as becare apparent yeqrs-later, it was confused,by'the fact'that n&t one but
twovisotopes of element 102 wefe produced, 3-second  mass 252 adeSO-secdnd

mass 254%. In the strictly chemical‘experiments wherein the daughter recoils

250

were analyzed chemically, the isotope °

254

Fiu was found thus establishing its
élpha-particle emitting parent to be 102. In the physical experiments,
Wherein the daughter nuclel were analyzed as to their relative'positioﬁ on-

the daughter-catching foil to determire the'parent half-life, a value of

3 seconds was found. This value was accordingly assigned to mass 254 but

25

- in reality this half-life was that of

2102. It appears7nOW‘thaﬁ"thé
214l '

p)

:'granddaughter of,maés;252, Cf; had been confused wit’hv2 OFm bééquse of &
'sihila?ity'in half-life and'energy. | o 3
| | Iﬁ 1959”3'3—second activity’was found in eiperiments ih,whiéh a
FriSch-grid chamber_was.usedftoianélyzé'atoms made in theée‘reacﬁions. HAn
’ alpha-particie enefgy of'8;3'MeV_aﬁd,a.spontahedus—fissién branqhing ratio of
- aboutb30% was determined. .Since‘tﬁé?half—life‘cOfresp§ndéd to tha£ bf_thé
pgevious experiment it was naﬁural tb aséume that the S.SAMeV_aCtivity was'
dﬁe‘to mass 25k. | | | |
Further.work probably would have cleared'up the mass 252;‘254;dis§

'“,c;epahcy but § few monthsvgfter thesefexperiments'ﬁeré ini£iated ﬁé had_a

: véfy;terrifying‘expériengé which-stfongly'inhibited ﬁs,for a lohgbtime.in the
- 2Ll

4usé'of:highly radioactive”materials such as Cm. The bésic method of these

grid chamber experiments was aSvallOWSa A tape trahsport was used to
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shuttle the transmuted atoms from a target chamber filled with helium to a

- grid chamber filled with an argon-methane mixture. Both chambers’operated at

atmospheric pressure and were essentially open to the laboratory atmosphere.
The target chamber was isolated'from the vacuum of the Heavy Ion: Linear
Accelerator, which produced the carbon progectlles, by a double window of

thin nlckel foils cooled by a flOW1ng stream of helium.- Because of a

| malfunction, the pressure in the volume between the_thin'windows suddenly

increased greatly and ruptured the window foil immediately adjacent to the

.curlum target. This explosion, for such it was, broke the target into micron-

size partlcles and expelled most of the activity (lO12 alpha particles_per

minute) into the laboratory! I do hot think that,eVen Mme. Curie ever had to -
contend with spreading as much as a gram of radium,arOund her laboratory for.
this is the'approximate equivalent which, within a few minutes, covered the
interior of the HILAC building. Fortunately, no one was seriouslyvexposed;.
to the radioactivity but it was several ueeks before we were:able tovoperatev
the accelerator again. i o

We turned our attention to the use of the small amouuts of californium,

~ which had become available through reactor bombardments of curlum,vto produce
"relement lO3 These experiments were successful3 finally in 1961 in produc1ng
an 8-sec 8.6 MEV'alpha-partlcle act1v1ty whlch we deduced ‘was probably mass

'3_ 257 although masses 258 and 259 were not excluded. As a by product of these

experlments we also uncovered a 15-sec 8.2 MeV activity Wthh we thought might

255102., Tt now turns out that in reality it was 257102

be
we did not. pursue any further the work on element 102 until last year

in the USSR
when the final results of research at Dubna/,performed in the period between
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'1962-1966 under the direction of'my'good_friend, G. N. Flerov, were published
showing several in@ortaht discrepancies with our 1958-1961 results. Responding
to this challenge, T. Sikkeland, M. Nurmia and the author repeated the old
experiments and substantially extended them by bombarding separated isotopes

12 3

of curium with ¢ and ~°C ions in a new apparatus.
The experimental equipment is shown in Figs. 2 and 3. The recoiling
transmuted atoms are stopped within a small heliuméfilled chamber_at 760 torr
“and carried.thfough an orifice'into'a low—pressurevfegioh'(about_O.l torr)
by the rapidly flowing,st;eam of heliunt° The etoms tratel-a few mh and impinge
upon- the periphery‘of avwheel which_is periodically rotated in‘digital fashion
' to expose the transmutation productsisuecessively to each of four solid state
alpha-particle detectors. The halfelives andbenergiesxof.the activities can
' be measured with good precision. A‘variation of this technique which was
developed in our laboratory some years ago was also used.by‘Flerov's groups
in their experiments with element iOZ° B |
Using this system we;have‘been'eble to iron outzthe eppatentidisorepancies
and we noﬁ find reasonable agheemeht with the Dubnafexperimentérs where there
T is an-oppoftunity to compere resuits} 1Tabie‘l'pfesentsve comparison of the j
v‘results obtained by the two labofetofies. We have produeed 1sotopes of -
element 102 from mass 251 through 257 and have set meanlngful llmlts on the
259

'propertles of mass 258; We expect to be able soon to producev 102 Whlch |

may have a half life as- long as an hour and make 1t pos51ble to do compllcated
- klnds of chemlstry W1th element 102. After clearlng up the confused s1tuatlon -
L wWe de01ded that it would be best 1f we dld not glve the element a new*name

and consequently we have suggested that the orlglnal hastlly-glven'one of
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nobelium be retained. It is a very honorable and worthy name for an element
to bear. | |

I would now like to report on the»outcome of some very recent experiments

‘ : ¢ .

on the solution chemistry of nobelium which have a very important bearing on
the Seaborg concept of the heavy'elements as an actinide series_homologous
te the rare earth lanthanide elements. This werk,iwhich is still in progress,
is by J. Maly (on leave from Czechoslovakia), T. Sikkeland, R. Silva and the
author.  We have made use of the Seminute ZSSNO isotope produced by the
?éaction zthu(- 0,5n )255 . This nucliae decays by the emission of 8.1 MeV

alpha particles and these are measured in e Frisch grid chamber to obtain

) ‘ v 2 ’
the highest counting yield. With an 800 ugm/cm target bombarded by a 2 pa

oxygen beam for 10 minutes typically at the end of irradiation we have had
about 20 countéble atoms preseet and the lesses undergone by nuclear decayband
chemical vield have resulted in the final detection. of 143 countable atoms
per experiment. This number is quite sufficientvfor certain types ef'chemistry
.if many experiments can be perfofmea.eo that the results_are'additive.v

The point of the experiments that were performed @ay be eeen from the'

following s1mp11f1ed picture of the relatlve tendency of the- actlnlde elements

to have +2 valence statesu About flfteen years ago Seaborg suggested that

1

the actlnlde elements should show an 1ncre851ng tendency to form a +2 state

.~as_the.atomic number_is increased, reaching a peak at element 102 and then

falling to zero at element 103, A few months ago in our laboratory it was

5,6

v andethat under certain'eircumstences a +2 state could be'observed,in Ctf, Es,

and Fm.| Tt thus seemed that nobelium should have an observable +2 state but
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I do not think anyone was prepared for the finding that it is a.very stable

+2 state. It turned out to be harder to oxidize it to the +3 state.

Ih the first experiments it was found that nobelium was electro-

deposited from NHuCl solution only with a very low yield, comparahle,to

radium which has a.yield about a fector of 5 below‘that'for Am%3; The manner

in which this type of plating proceeds is connected with the circumstance that
the pH is high at the cathode and the yield of the tracers is approximately
inversely proportional to the solubilities of theirihydroxidese :This experiment
suggested that the hydroxide of No behaves like that of Rt |

" In the neht experiments attempts were made to elute-the”nobelium
. from a Dowex 50,catiOn—exchange reslh:column with an ammohium aehwdf0xylsobutyrate
solution. It was found that itidefinitely,eluted after Am-fin'é total of about
20 experiments no & counts of No were‘recorded_ihlthe ﬁfe-Am fraction where |
vsogewents‘should have heen_observed'iﬁ that fraction ivao,had beenfin its
+jvstate. Attempts to ox1d1ze the No to the +3 state by the. ‘use of Ce * in order
to. elute it early from the column falled because Ce 4 and “thus probably No +3
were readlly reduced by the eluant.
The third set of experlments was Just performed last week end the

.data are tentatlve. A short precipitation column consisting of_BaSOu powder: -
’was used w1th H Soh as eluant in ox1datlon experlm.ents° .It was found that
w1thout oxidation No and Ra were washed sllghtly later than Am from the column
After ox1datlon‘W1th Ce +h the No was eluted together w1th Am and sllghtly ‘ahead
“of Ra. In the.latter experlment one  cannot tell the dlfference between the
+3 andvfh'states of No.

" These preliminaryvexperiments strongly suggest that the +2 state is
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.the most stable one of nobelium in solution and thaﬁ it has very unusual and -
importaht chemical properties. In further experiments we hope to increase the
yield of 255No by bombarding a neW‘target éf 246Cm with more intehse beams
of 130 ions and foresee that perhaps aé many as lOO,éountable atoms might be
made in 'each‘experim.ent° |

Returning to nuclear ph&sicsbl would like to diécuss some véry recent
experiments extending our knowledge‘of fhe éystematic variations in thev

»ﬁuclear properties of tﬁe heaviest elements. Prompted by our recent confirmation

¢ 252 |

of the surprisingly high spontaneoué fission branching o No we have

searched for 2Fth with the expectation that it might have an even shorter
g Y

half-life for this mode of decay. Bombardments oOf 233y witn % ions were

soon succéssful8 and showed the exiétenge bf a 353‘ms.spontaneous fissidn.
acfivity.which we believe to be 244fh': A simple method was used ip-these
experiments. - The transmuted ato@s wefe caught diréctly iﬁ the surfaée.of a
swiftly'rotating whéel ang the detéctioh of subséqﬁentfshortelived.fission

~ decay was made by e#amiﬁing strips}of_mica placed next to:thevwheei; A suiﬁable '
etéhing process enérmously’amplifiésvthe original fiséiogftracké‘and makes

. Them egsily visible under é microsébben 'Figurezh ié avcbmpqsitg decay'curve'
frém all the experiments and Fig. 5Iis_the excitatibn’function for this
activity. The theoretical.éufﬁebig fitted to the data étfthé péak of the
function. We havé felt.that it is very important fo détefﬁiné ﬁhe fission
’half-liﬁgs of the light Fm isotopes to enhance our picture of'thé.systematic
vgriations in fhe heéVy element.region. Aceordingly we have also'detér@ined
the fissién,branching of 246Fm and ?u8fm for the firstbtimeo8

When this and‘other'ihformation is added to the known correlations we
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see the consistent picture illustrated in Figs. 6, 7 and 8 in which are"
plotted alpha-particle energy, partial alpha half- llfe, and partial spontaneous
fission half—llfe versus neutron number. On the basis of these emplrlcal

correlations T would like to comment on the characteristics that are presently
| | 260, |

claimed for the activity which has been designated as . ‘th- In extremely

difficult experiments performed in the years 1964-1966 by the Flerov groups
. , o

which was

thought to be due to element thofTFrom‘the energetics of*the ZZNé-reactions

'pOSsiblevwith the ?MZPu target materlal the experlmenters dec1ded that mass

" at Dubna an 0.3-sec spontaneous fission activity was discovered

260 was the most sultable ch01ce to explaln thelr flndlngs. Unfortunately,
no alpha-partlcle branching was observable'dOWn to a"levelvequal“to that‘of
v the flss10n decay. From our emplrlcal flSSlon half- llfe correlatlon 1t

‘would appear that the half life 1s much too long by orders of magnltude to be
260101 .

due to Slnce, however, an odd neutron 1sotope of element 104 would be .-

'hlndered for thls mode- of decay by flve or more orders of magnltude 259104 or

261104 mlght be resoon31ble. From the ‘alpha half 11fe correlatlon the llmlt

- on the half life WOuld appear to be much too long elther for 259102; or 260 ok

: but might - be cons1stent W1th the . value for 261

ug

A further bit: of.lnformatlon due to Slkkeland is prov1ded‘1nvF1g,;9.

. wherein is plotted the ratlo of F /P Vs neutron number.;o ,ThlS parameter.
represents the_average competlt;tlon between neutroh emlssion and.fission:.
j.which takee place in a'oompound hucleue reactiohiat'each.step inva nuelear.
eaecaderwhen neutronsvare-emltted_following exeltation'hy'the amalgamation’”i'i
h of the heavy particle_projectile with the target nudleus; Whereas all of

the other experimental data‘fit the family of curves quite well, includihg
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the three new points for fermium isotopes, the value calculated assuming a

: 260 : '
(ZzNe,hn) reaction to produce "104 is much lower than the. expected one.

In the same figure we have also indicated the average Pn/Ff,values for

the cases assuming that the spontaneous fission activity had been produced in

22 261
a (

Ne,5n)259104 or a (ZzNe,3n) 104 reaction. It appears that the latter

gives the best fit. It must, however, be pointed out that such an extrapolation
of Pn/Ff values to unknown nuclides past the 152 neutron subshell'is quite

uncertain.

From all the evidence glven above it would seem that the 0.3 sec

261 ol

fission act1v1ty mlght well be due to There is also the remote

poss1b111ty that the activity is not due to element th at all but is a neutron-
heavy isomer of an element of lOWerlatomlc numbe r such_as Np or Pu which also
have very yolatile chlorides.

We will soon make some attempts to.corroborate‘and_extend the lnformationl

. concerning isotopes of element 104, "We now have available in our laboratory

2h9

55 micrograms of Cf. This nuclide was obtained by milking it-frOm'several

2kg

) hundred micrograms of Bk Wthh has been obtalned in quantlty for the first

tlme by 1ntense 1rrad1atlon of curlum in the ngh Flux Isotope Reactor at
,the Oak Rldge National Laboratory. ‘Bombardment of thls_target material with

12 1 . ‘ . -
C-and- 3C 1ons should prOduce 1sotopes of element 104 with-masses 257—259.
252 - |

The use of

1k 15 16 18
of N and “N and "0 and o) w1ll produce 1sotopes of element lOS and 106

“Cf as a target materlal w1ll produce ‘masses 260 262.A'The.use v

) but poss1b]y at such a low rate that the effort will not be deemed worthwhlle -
";n our laboratory.

The greatest obstacle to the production of elements with ever higher |
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atomic number is set by‘their production cross sections% The very short.
half-lives likely to be encounlered can be coped with by modern ﬁechhiqUes,
but soon the productiOn,rates will fall below a profitable level. ‘This comes
about because as the atomic number is increased the fission barrier is
lowered and consequently the T /F ‘ratio is decreased as shown 1n Flg. 9,
the end product soon becomes alm0st entirely that of flSSlon.' There is
rhowever the distinct possibility’ of leap frogging" thls dlfflculty.

We know of no fundamental reason why there should be no maglc numbers
'effer Z = 82 and N = 126. A crude.shell model calcqlationvsuggeSts that 126
i protons and 184 neutrons would be the next stabilizing coﬁbination;ll. With
this view thebclosed shell at thls p01nt would be a Very strong one and would
lead to a peak in the fission barrler as hlgh as 12 MeV on this island of |
stablllty.ll This means that the sponﬁaneous flss10n_half—l;ves in this reglon
would'be very‘long. Alpha helfélives‘ere‘more ﬁncertain but'it‘séems that'
there is a reglon where they mlght be as long as years. Flgure 10 is a: contour
chart of stablllty developed by Slkkeland which mlrrors this partlcular closed
shell hypothesis. Examples of fus1on reactlons Whlch mlght produce the :
; closedvshell oucleus 126i8h arevthe,followlng;: | | |

310

.90 232 36 84
TThTY 12618llL + 6n

64G6169- 62 lSh 6310

310

'72Hf180_' 54 132_,126181+ +‘2n

In the last few years there have been closervlooks taken at the shell
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. problem by several physicists. They5suggest that perhaps ‘the next proton

shell is more likely to be at 11k protons.12 The neutron shell is probably

I, 12

still at 18 It is impossible to make the nuclide with 114 protons and

184 neutrons by a fusion reaction because this nucleus is much too neutron-
heavy for any possible combinations of projectile and target. The only hope - -

would seem to be either a spallation reaction or fission of a much heavier

68Er17o N 68Er17o_

nucleus. A reaction of the former type might be

298

11455 + (22p20n) where the group of 22p and 20n might be emittedsas‘a B

result of fragmentation. An example -of the fission reactlon mlght be
238 238 298 . 70,178
U -911u18u Yol g

closed shell might be a favored flss10n product.. Other pOSS1bllit1es would

U The hope in this case is that the doubly-

be to produce nuclides of either llh protons or 18k neutrons with the hope -
that the stability would extend to the V1c1n1ty of the doubly-closed shell

nucleus. In these cases reactlons of the follOW1ng type might be suitable'

5& 136 68_. 170 306 i’ 5h 136 6o 150 ' 286
82 T B 7 1221,81} or.. Xega * Nd90 llh172 .

Obv1ously, to be able to explore 80 many dlfferent reactlons requires

an accelerator which is extremely flexlbleo It 1s des1rab1e that it shOuld DT

accelerate the heaviest of the elements that are avallable as Well as the
<1ightest elements to any energy in the range of 5 to 20 MeV per nucleon. Wey
. have de51gned such an all-purpose accelerator13 and 1t is presently under “
- serious cons1derat10n for constructlon at Berkeley in the next few years. We K
"‘have.labeled thls machrnejthe'"Omnltron ,becauseylt_does fulfillvall of.these:;‘;'e

- considerations and more. ' .-

The fundamental'limitation_of resonant types of accelerators for very
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heavy ions is found to be in the ion-source; For'nonrelativistio-velocities,
which is the aim here, thevvelocity is simply v = % °»Bp where Bp is the
magnetic rigidity of the ion to bebaccelereted. Thus, ae the mass m is increased
the charge q on the ion must increase in the same ratio to maintain a given
velocity if the maximum value of Bp aveilable in a given system‘issto be used.
Unfortunately, as m is increased lt_becomes ever more difficult to strip.
enough electrons from the atom. Figure‘ll“indicates typical_inténsit&l
distributions available'from our HILAC ion soﬁrce:for Various elements.
Typically, charge-to-mass ratios as high as 0.1l5 are needed to;aécelerate ions
sto the requlred veloclty for our purposes elther in large cyclotrons or in-
ex1st1ng llnear-accelerators. The Omnltron av01ds thls problem by us1ng q/m
retios as‘low as 0,05 but, of course, must prov1de a large bending radlusf
The system that we have concelved is shown in Fig. lZ and makes use of a
strong—focus31ng alternating gradlent 60 Hz synchrotron concentrlc W1th a
dc storage ring of 51m11ar des1gn. The diameter of the system 1svapprox1mately
100 feet. Notice that two dc 1n3ectors are used. to allOW‘for sequentlal
- acceleration of two dlfferent ions for concurrent oneratlon. Thls feature is
vespecially desirable‘for aniexpensive ma.chine of thls sort So that;the s&stem
can be made available to more thanvone experimenter on.a time-sharing basis.
Figure 13 indlcates the two 1mportant modes of operatlon.that are avallable ‘
from the. Omnltron° The first makes it p0351ble 1o convert the fractlonal
mlor0second ‘bean hursts avallable from the acceleratlng‘rlng at 60 Hz 1ntoh
'essentlally dc beam by maklng use of the storage ring to extend the beam

sp1ll. This beam will have a very Small energy spread and a high brightneSs.

‘The second mode- permlts'the acceleratlon of particles to very hlgh energies such
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as 400 MeV per nucleon by a two-step brocess. The first step involves
acceleration to energies of 10-30 MeV per nucleon &t a low charge-state, storage
-for a half cycle until the magnetic'field has refurned.to‘its minimum value
and then reinjecfion through a stripper foil to gain a high chargesstate_and
thus allow a second step of acceleratiOnbto a much higher energy. Protons
can be accelerated in a single cyele to 1.7 GeV. | |
The maln objectiye in accelerating heavy ions such as neon_Or.argon to‘

high energies is to make p0sslble fheir use in biomedical research and medical
therapy. These relatively heavy particles will be eXtremely'important.ln this
work because of the large amounts of energy that can be lodged per particle
1nto organic materials by V1rtue of the large equlvalent Bragg effect observed
at the end of the range. Since only" very small beams are necessary for this
" use it should be pos51ble to make them available a large percentage of the time
at a low duty cycle. ‘»

- The Omnltron is an extremely flexible system and capable of fulfilling
a widelvarlety of experlmental needs1 We belleve that 1t w1ll open up new
areas of research to frultful 1nvest1gation by many groups of research
workers. "It is our intentlon that thls machlne Will be used on an internatlonal
ba51s and be‘another 1nstrument to further the dream of Marle SklodOWSka Curle

‘thatvher science should servevhumanity..
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Table I.

Production sche

mes and decay properties of
- various isotopes of element 102.2
Tsotope . Reaction . “Peak cross . Weii-  OF SF/c | Reaction Helt- & S
' - used section® life (MeV) ratio| used life I V) ratio:
(10_3Ocm2) (sec) (x.02) : (sec) +,03)
25110z 2hhen (126 5n) 0.09 0.80.3 §8.60(80%) - _ Not reported
_ o : {8.68(20%) -
252102 Zhqu(lzc bn) 1 0.13 2.3£0.3 8.41 128 | 2%u(8 5n) kst e
zlmCm( Cy5n) 0.096 ~2.50 8.4 1/24 ‘ '
2?3102 24&0m(13c,un) ’ 0.29. 105:20  8.01 42Pu(l§o,5h) 95¢10  8.01
2h60m(120,5p) 0.25 ~100° 8,01 239, (1%, in)
25&102 2L‘6<:m(lzc Ln) ©.89 555 §.10 BugAm(lsN,hn) -- 8.11 :51/1BOQ~
' 246Cm( C,5n) 0.54 ~5ob 8.10 23 (22Ne én) 5010
244 : -
Cm(l3C,3n)v 096 - ~50° 8.10 2h2p, (L o bn) © T5tLs
255102 >2h6Cm( B3¢, km) 0,47 185220 8,11 238u( Ne,5n) ~120 8.08
2u8Cm( C,5n) 0.38" ~180° ‘8.1 Pu( 80;5n) 180£10 8.09 A
o L ‘ a | . " : ' o
25610z 2A8Cm<1zc’un) 0.74 25940,9 8.43 ~ ~1/1400 _238U(22Ne,un) ex2 8.41 11/200
2l*80m(l C,5n). 0.75. 3.2%C,2 8.43 2“2Pu(180,un) o3 8.4z ‘
2l+6Cm( C,3n) 0.09 8.43 ' ‘
2510z - 248Cm(13c bn) 1.1 232 8.23(50%) ‘' Not reported
248 X ' 8«27(50%) é .
cm( C,3n) 0.08 ~20 8.25 i

aData in columns 2-6 are from Ref. 14; those in the lest four columns are taken from Ref..l5.

No error given due to rather poor statistics. -

Th? relative values are zood to within 25%, the absolute values to Within a factor of two.

The mass assignment of ti= SF emitter is not conclusive.

‘QT‘

LO6LT-T®N



Fig. 1)

Fig. 2)
Fig. 3)

Fig. k4)

Fig. 5)
Fig. 6)
Fig. 7)
'-Fig. 8)
‘Fig. 9)

Fig.10)
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Figure Captiohs B
Apparatus used‘in the Berkéley element 102 discovery experiments
in 1958. o
Photographs.of the apparatus used for the recent element 102
experiments.
Composite spontaneous fission decay curve ffom,thé»réactionv
233y(*, 50)% . - |
Excitation function té produce gthm.v"
Alpha particle energy vs neutfoh ﬁumbér.

Pariial alpha half-life vs neutron number.

" Partial spontaneous fission half-life vs neutron number.

Fn/Ff vs neutron number.

'ﬁ&pothetical stability chart assuming closedfsheils,at 126 protons
“éhd 184 neutrons.’ Preparedvby T. Sikkeland, 1967.

“" Ton intensity output as.a function of chargé state for krypton

and xenon.

General layout of the thitron. 

Omnitron acceleration'mpdes for‘léw and-high'ehergy>dperatibn.



-17- UCRI~17907

% JoNS

Il

CATCHER FOIL (-600V) CURIUM TARGET[ L

FERMIUM- 250\1 ' 1\ ELEMENT
102

<—MOVING BELT <= e

\

(-400V) :

MU-15992

Fig. 1



-18= UCRL-17907

XBB 675-2515



-19- UCRL-17907

XBB 675-2514



132 msec)

Fission Tracks /cm of Mica (icm

<20 UCRL-17907

1000 - T T T T ]
F ]
g 244 - ]
s Fm Spontaneous fission decay 1
100 3
Ty, =3.3*0.5msec. ]
% ' j
101 .

1 1 1 1
0 S 10 i5 20 25

Time (msec)

XBL 6710-2097-A

Fig. U4



=&l UCRL-17907

1
10 T T | |
- E xcitation function

U2*3(0%,5n)Fm244sF |
3.3ms

_ ) d

]
| I |

[y
O,

llIIll
lllllI

()

Cross section in microbarns
o
1
|

l1llrfl

lllllll

+4 | l l |
70 80 90 100 110 120
Oxygen energy(MeV)

XBL 670 2096a

Fig. 5



-0~

10.00

Alpha Particle Energy (MeV)

9.00

8.00

7.00

6.00

5.00

I I 1 | |

Even Masses Are Joined
by Straight Lines

!

|
5 d

l2

© Even -Even \&\ U Predicted for
A Even -0dd, Dominant & Group \\104/59' N \-Z =104
X Predicted Values o X\

(noc<data exists for 2=104) =

N

N

T " Z:102
No AN
A o™

A

L——152 Neutron Subshell

| 248

Cm
| ! \ 1 ] 2=96 i 1

142 144 146 148 1504 152 154 156 158

Neutron Number

XBL6732028

Fig. 6

UCRL-17907



-23- UCRL-17907

ly 10
100d /
10d 102
1d
10h 7
L5
1h 107 g
10m 2‘,
N
1m 10°® E
10s ]
a
1s o
10° <«
100ms
10ms 1070
Ims
100us 102
10pus
1 Ms N 10-]4
L TS W NN NN U RN SR SR N A B
140 145 150 152 155

Neutron Number

XBL672-2015¢

Fig. 7



-2l
UCRL-17907

~1d©
—10

—110

years

&~

-

| e

o

()]

(]

&

()]

3

1y i )

100d g

10d <

o

1d =
10h}|

1h} 6 /
/
s 246 //
F 4
10s|- S, m /N0252/
£ /
ter / 102/ &8
100ms} / /
/, / /
10ms} / -
LT /" 104/ 13°
ims 4 ]
L | | L. | 1 | | ] | 4 1
140 145 150/ 152 355
Neutron number \

XBL 672 2016b

Fig. 8



-25- UCRL-17907

| S

I

tort

T TTT

r'n/Ff

102

T T TT]
L1l

I

107 1 1 |
140 150 160

Neutron number

XBL 670 2095

Fig. 9



-26- UCRL-17907

BBH 673-95

Fig. 10



Relative Abundance

~27-

UCRL-17907
i \2\:r\+\ 5T I l | T
8 ?3\+ ~\¥\13 ]
- = g 41 7]
8 4 +\ \+ \ N _
i 98 "B -
\ N
- " \+ \+ 6 o
\ \
s \ LY -
\ \
_'] 8 +\ %
10 | A "
» \ o
- \ =
3 " \ .
A \ \ ]
\
: 'IO\{ ¥ % 8 .
- \ \ " 9 o
a \ \\ Krypton _
Xenon \\ \
1651 T S SR
- \ O s I
: \ \ i
\
i 12 4\»\ | \ i
Hilac lon Source \ \
" 1.5 A Arc : S
s Krypton +3=1m s o
Xenon *4 =1m \
-3 I | | | I \ L \
10 002 004 006 008 010 012 0K

Charge-~to-Mass Ratio €

Relative Abundance of Krypton and Xenon Charge States

from the Hilac lon Source

Fig. 11

FUR LLPHD



98- UCRL-17907

Beam-Transfer Section:
Synchrotron to Storage Ring

. Injector 2

/

i §
abo!

RF Resonator

I Injector 1

Accelerating Ring
X

Synchrotron

Beam-Transfer Section:
Storage Ring to Synchrotron

Low-Energy Beam
to Chemistry Area

189 3 ‘-I
RF Resonator

St i "
orage Ring Kicker Magnet ==

Focusing Magne. =
Defocusing Magnet [
Focusing Quadrupole B
Defocusing Quadrupole [

L TN £
IRy

General Layout of the Omnitron

MUB 11720
Fig. 12



_20- UCRL-17907

C-W Injection
€=0.05
E=0.1
MeV/N

V

I |
= { t
Q | |
< 1
n } |
Q I 1
g Y i
2 | i
- | |
o
o TR R R R g e e ey, | Ty TRy TR TRy
o N\
o N L}w—}ne}rg; T;rg}t Are\a\ N\ \\ N\ \\ A\
- l—~—8msec.—+.— [6msar, —
Time
(a)
Single Cycle (Low Energy)
CW Injection
€= 0.05
E=0.1
MeV/N
4 : |
Ko 1 t
c ! I
5 L *. g
Q : I
m { Stripper i
o0 ! | €%0.5 :
© | b E=10
S b MeONY
ot . 5, R
w \4|§h\Ente\rgy\Ta(\ge{ l{rea
Q. E=400 MeV/Nuc
(o)
= 32msec -
Time
(b)

Double Cycle (High Energy)

Acceleration Cycles MUB-11753

Fig. 13



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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