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INTRODUCTTION

Certain qﬁéstions have been raised regarding the validity of our.WOrk"

reported in Physical Review‘Letterslconcerning the discovery of two alpha-

emitting isotopes of element 104, rutherfordium. Doubt was first expressed

by V. A. Druin in the Tnternational Conference on Nuclear Reactions Induced

by Heavy Ions2 at Heidelberg, Germany in July, 1969. These doubts were

repeated in a paper submitted to Yadernayea FizikaS in November, 1969 by .

Akapiev et al. In this same month the Robert A. Welch Foundation Conference

on Transuranium Elements-the Mendeleev Centennial was held at Houston,bTexas

and the issues were discussed at length following the.presentation of papers

by A. Ghiorso and by I. Zvara. Apparently this discussion did not sufficiently
clarify the matter because strong doubts were again published in Atomnaya
Energiya by G. N. Flerov5°

In our ?aper6 on the discovery of an alpha-emitting isotope of elgmeht

105, hahnium, we carefully included answers to the major criticisms, but in

view of the continued'charges made by the Dubna group we feel that a detailed
rebuttal is in order. This paper will attempt to perform this function and

in addition will present new evidence in support of our original work.
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| EXPERIMENTAL METHOD

' The research on the heavyhelement alpha emitters is fraught with the

148

hazards of low production cross sections which lead to numerous possibllitles. |
. of misidentifications because of the presence of baekground activities with ¥
similar alpha energies and‘h&lf-lives. Having pioneered in this.field we
are painfully aﬁare of these problems and have devoted much of our efforts
to determiﬁihg and eradiceting sources of troubles. ‘We feel that we have
been conservaﬁive in our pubiished’claims‘ahd are thus much surprised by
some of the criticisms leveled at ourvwork Perhaps we have m1s3udged the
necessity of 1ncluding a very detailed discussion of possible background effects.

A review of the general methods used in these experiments will help the
reader to understand the later discussion of our results. The basic technique
takes advantage of.fhe large forward recoil imparted in a heavy-ion reaction
to separete the transmuted’atOQS from the usually highly—radioactive target.

" In order to pr0V1de a very thin sample for alpha particle energy analysis

the recoiling atoms are stopped in helium gas at a pressure of 500—1000 torr

and then allowed to escape with the gas thrcugh a small orifice into a rough

vacuum where they impinge and stick upon thé rim of a 50 cm diameter wheel.

The wheel actsvas a conveyor and periodically carries these deposited atoms

to positions adjacent to solid-state silicon alpha detectors for energy

analeis.? Half-1life information is obteined from the relatire numbers of ' v
alpha particles observed at each detectihg station and also from the decay

observed at each station whiie the.wheel is statienary. The data are stored

by a PDP~9 coﬁputer and ancillary equipment.

In favorabie cages it is'possible to determine the mass and atomic

number of the nuclide being studied by identifying the daughter nucleus which
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recoils ffom the rim of the wheel as the result of alpha particle decay of
its mother. To mdke this measurement possible the detectors which have been
adjacent to the wheel are shuttled about 2 cm to positions opposite similar
detectors at sﬁitable intervals so that they can be examined at high geometry
for the daughfer activity. in our first published expefiments on element 104

we used four mother and four corresponding daughter detectors. ILater, in order

_to recover the time lost while the mother detectors were shuttled off the

wheel, the detector system was duplicated so that the mbther and daughter
measurements could be made simultaneously. Thus,at each station four detectors

were installed, two shuttled and two unshuttled. The number of detecting

. stations was first increased to five and finally to seven so that our present

eystem makes use of 7 x 4 = 28 detecting crystals as shown in Fig. 1.
CRITICISM AND'REBUTTALi

' With this'general explanation of the method ﬁsed in our experiments
let us take up the criticisms. raised in the paper of Akapiev et al3. We will
first present what we believe to be a fair statement of the major charges
raised by ﬁhat.paper and then follow it with our answer. To help the reader
follow the arguments we have reproduced two figures (Figs. 2 and 3) aiong
with-their captions from the originel publication. »

1. The Berkeley Group Did Not Present Alpha Spectra Of Background Activities

That Would Be Produced By The Bombardment Of Lead Impurities With Carbon Tons

And Did Not Discuss Any Background Effects.

These statements are both true. _Because of the stringent word and

figure limitations set by Physieal'ReVieijetters there was no detailed discussion
of this aspect of the experiments. Note, however, that we carefully stated

that we had made bombafdments with other ions and thus implied that suitable
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background checks had been made. The fact that certain Pb-produced peaks in

‘the alphe spectra such as ZlhRa ang 209» 210,

212Rn Were.labeled also implies.
- that we were clearly awére_of baékground effecfs that are caused By a iead
impurity. The simple féét is that the element-10% élpha activities were so
clearly above the backgrounds usually encountered thét this problem was almost
irrelevant. fhus we devoted the limited amount of spaée avaeilable to other
more importaﬁt_phases of the'eiperiment. |

2. Well—Known Pb—Prbduced Nuclides Do Not Decay With Their Proper-Half—Livés,

e.8., 3O-mih-209Rn And 2.7-hour 210Rn.

The main activity in the 6.043 MeV-labeled peak is due to 210z, and

arises as.the élpha—recoil daughter of 2.6-sec 21&Ra which is produced from

a tiny lead impurity in our californium target. Since the.Rn isotopes will
not stick to the wheéi aé they emerge from the gas Jet (this éan only happen
if.the collecting surface is cobled to & very low temperature), they can only
appear in the sﬁectra either by being detected as gaseéus atoms iﬁ the wheel

housing or by being imbedded into the detector surfaces by nuclear recoil. As

we will show, the former condition does not prevail.” In the latter case they

would appear to have the half-life of the mother atoms since the amount deposited

into each detéctbr face would depend upon the Wheél-cycle period. If the
half-1ife is measured by the relative amounts of activity seen by each detector
the mother half-life would determine 1ts _value, but if the decay at each
detector is monitored,'the daughter's half—life Would be measured. Thus 1t
was that the 6. Ok3-MeV peak appeared to decay in the successive alpha spectra |
with a 2.6fsecond half-1life since 1t was controlled by 2M’Ra. There |
must ha?e been some 209, (which has the same alpha energy) present in this

peak since it is produced as the daughter of 2.75~-min 213Ra, but it was a

minor component.
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3. The Alpha-Particle Pesk at 8. 87 MeV Can Only Be Due To The 25-sec 2llmPo

And Thus Cannot Decay Wlth A 3-second Period.

We were very careful to point out that the origin of the 8.87-Mev
peak was uncértain and we did not claim thaf it was due fo ?57loh. From recent

results we find that there are several'sources that can contribute to this

peak in the alpha spectra.

a) One obvious source, ofvcourse, ig 25~sec 2-llmPo, as demonstrated
in Fig. 5, wheére a lead target with some 50,000 ngm/cn® has been substituted
for the 2u9Cf target which contains about 20 ngm/cm2 Pb impurity. The polonium
activity has a 25-secénd half-life both as measuredbfrom the'relative amounts
of act1V1ty observed at each statlon and by the decay whlle the crystals
are statlonary.

B l ) .
b) At the time when our work was published we were not able to assign

the short-lived component-<in the 8.87 MeV peak to .any known nucléus, as was

pointed out in the figure caption (Fig. 2). It was not until we started working

257ir has & hglf-

on element 105 that we aceumulated conclusive evidence that
life of 0.7 seconds and & most prominent alpha group at 8.87 MeV as opposéd to
the Dubna group's7 claim that it had a half~life of 35 seconds and.anvalph&

energy of 8.5-8.6MeV. . By resolving the 8;87~MeV peak of the repeat experiment

(to be discussed later) into two components we find that about one half of

- the activity is due to 0.7-sec 257L-r and the other half to 25-sec lemPo.

257

- ¢) It is conceivable that 5-seé 104 can have a weak alpha group at

this energy but this can not be resolved easily because of the interfering
acﬁivities.
4. All Berkeley Half-Lives In The HeaVy Element Region Must Be Questioned

250Fm Is Obviously Only

Because The Apparent Half~Life OFf 30-min 7T.h3-MeV

A Few Seconds.
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For sbme time the strange phenomenon'associated with the peak at 7.43
MeV troubled us:greatly.  We at first quite naturaliy assumed that the apparent
short half-life of about two seconds was & real measure of the half-life of
this peak_and.SQ thought it ﬁight be due to 0.5-sec 21:['Po, which has.this
energy, plus;some longer~lived background. We finally discovered that the
peak persisted after bombardment ended and decayed with & 30-minute half-iife

at each detector even when the wheel was removed. Further, it was found

246

that the of daughter of 250Fm was also observed iﬁ each crystal and

corresponded roughly to the amount of its parent. It was obvious then that

250

the activity was Fm which had been transferred to the face of each crystal

end the queétibn now became~-how were the atoms iodged there? They could hot

have been transferred as the result of alphe recoil from ?ShNo for two reaéons:

(1) the number of atoms required was far in excess of that observed and (2) its
half-life is well-known to be 55 second88’9.
Over é:period of time we have made additional observations and experiments

so that now Wé can offer the following explanation which appears reasonable.

252

We have found that another isotope of fermium, Fm, which was made in good

250

yield at the same time as Fm, was not transferred. We also found that

25ll'l\lo was transferred to the detectors with & 0.2 second apparent half-life,

255

even though another isotope of nobelium, No, was not. We also looked with

high sensitivity but without success for the transfer of the prominent activities

214 213

Ra and Fr. We decided that the movement of atoms from wheel to detector .

was not & mechanical or chemical effect but must be due to the recoil afforded

by transitions from isomeric étates in the two nuclides, 25OFm andvzshNo. To
prove that this was the case we biassed the wheel negative by 10 volts relative

to the crystals and increased the gas pressure in this region to 5-10 torr.

Pyl

L 4
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By this technique we were able to reduce the transfer of these activities

by.an order of magnitude.

A very strong corroboration was furnished by the bombardment of thPu

by 1% fons. At 72 MeV, which is near the peak of the '°C,kn reaction,

50.

the trénsfer’of'30-m1n 2508 was observed with the same apparent helf-life as

in the carbon ion bombafdment of 2h9Cf. This eiperiment rules out the rather
' 250 | |

remote possibility that a 2-second Md, decaying by”eléctrbn-capture, can

250

be the source of the transfer of Fm since elements with atomic number

greatef than 100 cannot be made in this bombardment. It is also extremely

250

unlikely that ayzfsecond beta~decaying isomer of Es can be respdnsible.

250

We can only conclude that an isomer existsﬂin: Tm itself and a final test.
 which is to be conducted will be with the reaction 2h90f(Hé&;.3n)z5oFm. A

full report on this very intefesting nuclide will be published later.

With only the evidence afforded by this unusual transfer phenomenoen
the Dubna grbup suggested that all of our half-lifé meésurements could be
in error because of some undiscovered artifact of our system. Suffiée it to
say that we have obtained the same values for many‘nuclides as they have and

most of these half-lives were measured before their published work. These

9 256

measurements vary in range from 3.2 seconds” for No (which from 1963 to

1967 was quoted as 8 seconds by its Russian discovererslot) to 200 secondsll
255 '

for No. Aside from statistical considerations we have found no reason to

‘question our decay periods.

5. The Construction And Geometry Of Our Setup Causes "3 seconds” To Be A

Characteristic Value In Our Measurements. In Particular, Activity May Be

Collected Directly On The Detector Féces By Gas~Jet: Leakage Around The Wheel.

To determine whether & small amount of’activity.could bypass the wheel
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‘and be collected on the detectof facee, we have performed an experiment to
5

measure such an effect. Under our normal conditions some 2 x 10

of ZIhRa were observed ffom carbon ion bombardment of a lead target with the

alpha counts

wheel being cycled at e rete of 3 seconds per detecting station. The wheel
was then stopped and the measurement repeated for en identical integrated
beah charge. Not one count which could be ascribed to 2lhRa,was observed

in any of the_detectors. This was not particularly surprising to us since

the volume through which the‘Wheel is totated is cafefully shielded internally
by lead sheets to reduce the fast-neutron degradation damage‘of the silicon
detectors. We feel we canvstate categorically that in our system there is

no significant direct transfer bj a gas leakage path. Our'"3-second half-

1lives" can only be the result of nuclear characteristics beyond our control.

6. The Half-Lives Of 221104 And 25910k Could Be Much Shorter Because There

Is An Excesstf 253No And 255No On The First Detector.

This criticism must be answered in two waye.

a) if there was such an excesé of.these two isotopes on the first
detector, theh'%hy would'not the alpha particles from their presumed parents

be also observed in this same detector?

253 255

254

b) We never said that there was an excess of either No or No in

the first detector. The exeess activity was identified as No (from its
decay on the detector with a 55%20 second half life) We used this isotope
of nobelium as a monitor of the amount of "self-transfer" in the daughter-
measuring experiment. It now appears that this transfer was accomplished by

the decay of. the 25tho I.T. with a 0.2-second half-life as explained above.

T. The Berkeley Experiment Can Be Compared To A Background Run Made At Dubna

With A Lead Plus Carbon Ion Bombardment And ThlS Shows An Over-Whelming Ratio

£ 2llmPo To Ra.

d

O



UCRL-19974
. . ,
The Rﬁssiaﬁ'experiment is by novmeané a suitable sfénd-in for our 
experiments on element 104. They used a lead térget weighing 1500 miérograms/sz;‘
we used a californium oxide target weighing about 300 micrograms/cmz. They

used a mixture of helium and nitrogen gases in their recoil chamber; we used .

only helium., Their recoil chamber dimensions and gas pressure are not given

but we sﬁspectvthat,they must be using one much larger than ours at a higher =
pressure and thus capable of stopping more honcompound-nﬁcleus recoils. It .
has been our éxperiencé that the yield of 2l,lmPo depends critically on these
parameters and on other factbrs such as the impurity content of the carrier
gas--even béam level can piay an important role. Our experiment has.been
caréfully faiiored to maximiié_fhe heévy nuclide yield and reduce that of .
‘interfering“activities so‘it should not be too surprising if our ratio of
zllmPo té 2lhRa is lower than in their expérimenf. We do know that there is

some 21l_mPo in the 8.87-MeV peak but it has not affected the interpretatioh

© of the nearby alpha groups which belong to 257th. It is clear that the Dubna

213Rn

system opefafes differently'from ours because of the large amount of
(8.09-MeV peakj visible in their spectrum. It appearé to us that this can
only be observed by decay from gaseous atoms of radon in the vicinity of
the detectdfsvsince thevamount is hundredsvofvtimes larger than that which
could comé via electron-captﬁre branching from the 6.77-MeV ZlSFr, no trace
of which is visible in their spectrum. |
NEW EXPERIMENTS

The above statements with their rebuttals we believe to be a fair

summary of the criticisms leveled at our experiments. A more satisfying

answer,'pérhaps, is furnished by.the following.

253

.. We have repeated the 249Cf(120,hn)257lCh —""~No experiment with a

-~
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higher efficiénéy and better resolution.' A backgfound experiment was also

performed with a 50 microgré.m/cm2 lead target. This was not exactly a stand-

in for the californium experiment, serving only as &a reasonable approximatiotn, w

but showed that lemPo was not an important problem. The new element-104

ex?eriment gave statiétically better information than the previous run even
: ' : N

though it was run in a shorter time.

&/

The results of the repeat expefiméﬂts are ﬁresented in Figs. k, 5 and
6. The first oﬁe,digblays a sefieé of‘alphé-particle spectra of the activifies
produced in bombardments of the 2rJcf target with Th-MeV 120 ions. The
éxperiment waéldone with the 20-detector system and the spectra éhbwn are
from the détectors in %he on~wheel position. The wheel-cycle rate was 3
seconds'per detecting station. The activities assigned to isotopes of Ra,
Fr, Rn and Po are due tova lead imburity in the farget. A small mercury
contaminant'invthe farget-baéking materiél doés not éignificantly add to these.
activities. In cases where two activities confribute to the same peak the
approximate fétio of the two is showﬁ below the peak label. It should be

noted that the 6.26-MeV peak is predominantly due to 2y80f,'not due to 2Y%mn

as indicated in Fig. 2. The 6.04-MeV 2108, peak has the apparent half-life

of its mother, 2lhRa., because the observed events are mostly due to the

\i

decay of ZloRn atoms recoiled into the detectors as a result of the alpha
decay of 2lhRe. atoms. ’ | /

The peak at 8.87 MeV resulté from ﬁhe decay of 25TLr and 211mPo, both
of which contribute about equal amounts. The assignment of the 0.7-sec
component - to 257Lr was confirmed in connection with the experiments'on elementl

105 by a crdssebombardment utilizing the zugcf(Bll,3n)257Lr reaction.

Fig. 5 displays a series of alpha-particle spectra of the activities
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produced in bombardment of & natural lead target by lZCAions under similar

210 /ZlARa is smaller than in

conditions to those in Fig. 4. The ratio o
Fig. 4 because the decay of 21oRn was not followed equally long after the
bombardment. Because of the differences in target thicknesses and beam
intensities, and about 1. 5-MeV difference in the bombardlng energy of the
2, ions, the ratio of lemPo(S 87 MeV)/ZlhRa(7 14 MeV) is hlgher by a factor
of two in the lead spectrum | -

The series of alpha~spectra from the same experiment'as in Fig. 4, but
recorded by the crystais in the off-wheel pcsition, is shown in Fig. 6. The
cn—wheel—off-nheel cycle, or shuttle period, was 100 seconds, while the wheel-
cycle.rate was 3 seconds. The presence of 5OFm and 251+No alpha-particle'
peaks with apparent half-lives of 2 sec and 0.2 sec, respectively, is believed
to be caused by.isomeric stateS'of these isotopes, as previously explained.
The other peaks.in the spectrum are caused by the decay of alpha-recoii atoms
on the movable detectors.

The apﬁarent half~1ife of 253No cbtained by meesufing the amountvcf

253No recoiling at each detector station is 4.4 * 1.0 seconds. This is in

agreement with the value 4.8 + 0.5 seconds for 257lOlL as measured directly

by the amount of activity observed at each station. Summing the detected

daughter events by the four 25-second time subgroups of the 100-second shuttle

period, one obtains a half-1ife of 90 # 30 seconds for the 8.01 MeV alpha-

particle group which is consistent with the 105 second half-life9 of 253No.
The ratio of counts in the alpha-particle peaks assigned to 5710h to those
in the 8.01-MeV peak in Fig. 6 1s 506:137=3.5. A:celculation taking into

account gecmetry’andvtiming conditions'gives & value 2.5. This difference

could possibly be an indication of some 20-30%'electron'capture branching in
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the decay of 53No.
The same equipment was used to dlscover another isotope. of rutherfordium
. 12 261R
This work ~characterized the'65—second alpha enmitter, f, and showed

25Ty

conclusivelyfthatvits'26§second daughter, 'No, was observed as the result

of %lpha partlclelrec01l—transfer from 1ts mother. This discoVefy was confirmed
chemically when it was shown 3 by fast aqueous-chemlstry experlments utilizing
this 1sotope that rutherfordium was a-trans-actinide element.  More recently
this system was used in the discovery6 of an alpha-emitting ;sotope of element
105, the l.6-sec 260Ha. The fact that the radiations detected in these two

sets of experiments were completely different shows that there is no built-in

constant background effect that could conceivably mislead us in eur:interpretations

of other results.

SUMMARY

We feel that we can safely draw the following,conclu31ons‘

1) 'The‘addltional experiments With 57Rf‘ which have been described above
fully confifm-ouruorlglnal findings.

2) The puzzling transfer'phenomenon'has been explained as the result

of previously unknown iéomeric-transitions in the even-even nuclides, ZSOFm
and ZSMNO.

3) The unknown O.7-sec 8.87-MeV activity,has been deterﬁined to be
due to 5'-{Lr. | |

L) There is no gas leakage effect in our system that can transfer
activity dlrectly to the detector faces.

5) Our system does not have a "che:aeteristic half-life due’to some

unexplained‘artifact".

v

W

“’/
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In.ourvopinion the performance and reliability ofrour experimental system
is beyond reproachf The present multi-deteétor shuttle épparatus is quite |
a complicated instrument which has required a great deal.of development_and
testing and its vaiuevas a resgearch tooi has beén proven by»the quality of
the nuclear spéétroécopic data obtained for the seven isqtbpes of nobelium;
five of laﬁrénciﬁm,.thrée of rutherfordium, and one of hﬁhnium which have
been characferizéd ﬁp to the present time.
We would like to express our appreciation to S;lijrnholm,>E. K. Hyde,
and G. T. Seaboig for comments which were very helpful in_the pfeparation. |

of this manuscript.
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FIGURE CAPTIONS

1. A schematic fepresentafion of the vertical wheel.system with seven.detecting
stations. .On the right hand side‘a cross section ofvone‘df.the detéctor'
§tations is shown. . |

" 2. [|'A series of alphaAspectra of the activitles produced by bombardment of

2k with 71-MeV 120 fons. The top spectrum is the sum of the individual

spectra ffom the‘four detectors. The 8.60-MeV peak is'probably'due o)

258 25710h with the exception

Lr; the peaks above thét energy belong to
of the oﬁe'at 8.87 MeV whose origin is uncertainlo" (see text of this paper:
This peak is now known to be due fo.257Lr and 2llmPo,>

‘3. "A set of Spectra from the mother-daughter e#perinent which demonstrates
thé geneﬁic relatiohship beﬁwéen 257lOlt and 253No. The spectra recoraed

by the individual crystal palrs are shown on top with the sum of the last
. three pairs st.the bottoml.“
by A series of alpha-particle spectra of the activities produced in repeat
. ' . 2hg ‘ . 12

experiments when bombarding Cf target with Tk-MeV ~°C ions. A 20-
detector system was used instead of the 8-détector one employed in the
experiments resulting in the spectra shown in Fig. 2. The wheel-cycle
rate was 3 seconds in both series of experiments.

2490f

5 Alpha-particle spectra resulting from an experiment where the
target was replaced by a lead térget.

6. A series of alpha-particie spectré frOm.thévsamevexperiments as in Fig. 4
"but recorded by the crystalsgiﬁ off-wheel position. These spectra corfes—

pond to those displayed in Fig. 3, but show a wider range of alpha-particle

energles.
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'LEGAL NOTICE

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

A. Makes any warranty or representauon expressed or 1mphed with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or ‘

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

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