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I. Introduction 

Element 103 is last but one of the presently available elements 

of the Periodic System and last in the actinide series. 

'!'he isotopes of element 103 like those of neighbouring ele­

ments have been synthesized in nuclear reactions induced by the 

collision of the nucleus of a heavy ion with the target nucleus of 

a heavy transuranium element. 

The particular features of these reactions are such that using 

existing accelerators one can synthesize only a few atoms of 103 

per hour and only neutron--deticient isotopes with half-lives of some 

seconds or dozens of seconds. This makes the direct chemical iden­

tification of element 103 very ·difficult. Therefore in all the works 

performed up to the present time, element 103 was rletected and 

identified either by the physical method, that is studying the time 

and energy characteristics of the alpha decay of the 103 isotopes, 

or by the genetic method, that is studying relatively long -lived de­

cay p;-oducts. In using the former, one encounters the following dif­

ficulty. Element 103 has an odd atomic number ( Z ) , i.e. all the 

isotopes are either odd-even or odd-odd ones so that the ·alpha 

emission spectra of the ele'Tle·1t 103 isotopes may be very complex. 

Besides, due to different value·..; of the hindrance factors, which can 

not be calculated by theory with sufficiently accuracy, the half -life 

estimates tur-n out to be very ambiguous. '!'his leads to additional 

tt·oublec.; in performing ex.perimPnts and interpreting their results. As 
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for the second method, it gives no information on the alpha decay 

energy. 

An amount of new data on the element 103 isotopes has re­

cently been obtained at the Laboratory of Nuclear Reactions (Dub­

na)/1,2,3/. On the other hand, American scientists of the Lawrence 

Radiation Laboratory (Berkeley), authors of the first works on element 

103 /4,5,6/, have essentially changed the interpretation of their re­

sults obtained. in 1961. Therefore, it seems useful to analyse and 

compare results on the synthesis of 103 obtained in different works 

in order to establish how reliable they are. 
"'h . :u 6 
.L e Isotope I03 has been studied most carefully. It has 

been synthesized at Dubna by three different teams of experimen­

ters. 

2. Works Performed at Dubna. 

1 258 
In the work carried out in 1965, at Dubna, the isotope I03 

. ba . th 2UA 180 was synthestzed by born rdtng e 111 target with ions on 

the internal beam of the 310 em cyclotron of the Laboratory of 
Nuclear Reactions ( JINR). 

256 
The isotope 103 was. detected and ide>ntified by the gene-

tic method, using the isotope 
:u 8I 03 

202 
IOO which is the product of the 

radioactive decav. The techniaue was the same as used 

ear·lier for the synthesis of the 
2118 

I02 isotope /7/. The detection 
232 \ 

of IOO atoms in decay products, pmnted out that the isotope 
:ue ll48 1s 236 I03 was synthesized in the reaction Am ( 0 , 5 n ) 103 

independently of either, it underwent alpha decay or electron captu-
re: 

262
IOI 

~ /" liU 256 

IOO I03 

~ 
25610? ~ 

4 

• 

Fermium, being a product of radiative decay, was se 

cally by means of the ion- exchange method. The alphe 

fermium fraction was measured by an alpha spectror 

face -barrier detectors. 

Fig.1 gives the alpha spectrum of the fermium f1 

obtained as a result of separation of the decay produ 

ted during one of the irradiations at the 
18 

0 ion er 

in the Lab. system. The half-life of the 7.04 MeV act 

to be 25 hours, which coincides with the known val 

The chemical and radioactive properties of the decay 
252 

that I oo atoms are really accumulated on a catcher 

pendence of the 
23 ~00 yield in decay products on the 

gy is plotted in Fig.2. The curve has a maximum at 

FWHM of about 9 1\!IeV. This is additional convincir 
232 

the fact that IOO appears as a decay product of thE 
258 

In order to measure the 103 half-life, 'the time der: 
262 

number of I 00 atoms as nuclear reaction products w. 

starting with the moment. of production of the element : 

results are present~d in Fig.3. The half-life was four 

sec. 

The detailed experimental information presented 

a large number of check experiments allow both the 

of the isotope synthesized and its mass number to be 

lished. 
U6 

Thus, the fact that the isotope 103 has beE 

in the work considered is obvious. It is impossible to 

sions from the paper about the relationship between 

cay and electron capture rates and the emitted alpha 1 

In 1967, at Dubna further experiments on the s: 

element 103 isotopes and the study of their propertie! 

med. In experiments carried out by two groups using 

ratus one detected directly the alpha decay of the elE 

topes. The nuclear reaction products were collected 

recoil atoms from a gas stream/8, 9/. In doing so thir 
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method, it gives no information on the alpha 

,t of new data on the element 103 isotopes has re­

ined at the Laboratory of Nuclear Reactions (Dub­

e other hand, American scientists of the Lawrence 

tory (Berkeley), authors of the first works on element 

essentially changed the interpretation of their re-

in 1961. Therefore, it seems useful to analyse and 

on the synthesis of 103 obtained in different works 

blish how reliable they are. 

pe 
26 6 103 has been studied most carefully. It has 

ed at Dubna by three different teams of experimen-

arks Performed at Dubna. 

1 268 
rk carried out in 1965, at Dubna, the isotope 103 

248 • 18 • 
d by bombarding the Am target Wlth 0 10ns on 

am of the 310 em cyclotron of the La.boratory of 

ns ( JINR). 
26 6 

103 was detected and idE:>ntified by the gene-

the isotope 
262 

100 which is the product of the 

ctive decav. The techniaue was the same as used 

synthesis of the ze 102 isotope /7/. The det~ction 

s in rlecay products, pointed out that the isotope 

ynthesized in the reaction ua Am ( 18 0 , 5 n ) n 6 103 

f either, it underwent alpha decay or electron captu-

256 
103 
/' 

202101 

~ 

' . ...,., 

26 61 0? 

4 

~ :162
100 

~ 

Fermium, being a product of radiative decay, -was separated chemi­

cally by means of the ion- exchange method. '!'he alpha activity of the 

fermium fraction was measured by an alpha spectrometer with sur­

face -barrier detectors. 

Fig. 1 gives the alpha spectrum of the fermium fraction ( Z = 100) 

obtained as a result of separation of the decay products accumula­

ted during one of the irradiations at the 
18 

0 ion energy of 97MeV 

in the Lab. system. The half-life of the 7.04 MeV activity was found 

to be 25 hours, which coincides with the known value for 
262

100 

The chemical and radioactive properties of the decay products show 

262 
that 100 atoms are really accumulated on a catcher foil. The de­

of the 20 ~00 yield in decay products on the 
18 

0 ion ener-pendence 
gy is plotted in Fig. 2. '!'he curve has a maximum at 96 MeV and a 

FVVHM of about 9 MeV. This is additional convincing evidence of 
262 26 6 

the fact that 100 appears as a decay product of the isotope 103. 
266 

In order to measure the 103 half-life, 'the time dependence of the 
252 

number of 100 atoms as nuclear reaction products was investigated, 

starting with the moment. of production of the element 103 atoms. '!'he 

results are presented in Fig.3. '!'he half-life was found to be 45+ 10 . . 

sec. 

The detailed experimental information presented in ref./1/ and 

a large number of check experiments allow both the atomic number 

of the isotope synthesized and its mass number to be reliably estab­

lished. 
2D8 ' 

Thus, the fact that the isotope 103 has been synthesized 

in the work considered is obvious. It is impossible to draw conclu­

sions from the paper about the relationship between the alpha de­

cay and electron capture rates and the emitted alpha particle energy. 

In 1967, at Dubna further experiments on the synthesis of the 

element 103 isotopes and the study of their properties were perfor­

med. In experiments carried out by two groups using different appa­

ratus one detected directly the alpha decay of the element 103 iso­

topes. The nuclear reaction products were collected by adsorbing 

recoil atoms from a gas stream/8, 9/. In doing so thin layers were 

\ 
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obtained which ensured an alpha spectrometry with resolution of 

about 0.5 percent, the collection efficiency being high enough. This 

apparatus was used earlier, at Dubna, to obtain data on the alpha 

decay of element 102 isotopes with mass numbers 251, 252, 253, 

254, 255, 256 /10-15/. These results were then proved by the Ber­

keley experiments 1161. 
For the synthesis of the element 103 isotopes the monoisotopic 

241 

Am 'target was bombarded, as before, with the 18 0 ions which 

allowed the neutron evaporation reaction products to be identified by 

the excitation functions. 

A great deal of attention was pald, during the work, to the 

careful pt.rification of the targets from lead impurities, which can inte-
, 

met with heavy ions. As a result, nuclei are produced the radioactive 

properties of which may be similar to the decay properties of element 

103 isotopes. 

The alpha 
1
"Am 

particle spectra obtained in ref. /2/ when bombarding 
18 

with the 0 ions of energies 91 and 96 MeV are given in 

Fig.4 a,b. Alpha groups of energies 8.35-8.60 MeV are due to the 

decay of the element 103 isotopes with mass numbers 256 anrl 257. 

'I'he aplha particle group of energy 8.8. MeV appears as a result 

of lead impurities in the target. As is seen from Fig.4c obtained 

by irradiating lead under the same conditions as those for ameri­

cium, Fig.4b, the background due to lead contamination did not­

exceed 10 percent in the experiments on the synthesis of element 

103 in the alpha energy region from 8.3 to 8.6 MeV. This value was 
I 

determined from the relationship between the intensities of the 8.87 

MeV and 8.3-8.6 MeV alpha particle groups in irradiating americium 

and lead. 

It is seen from Fig.4 that the alpha spectrum is complex. It is 

clear that there are several alpha particle groups, but the number 

of detected events anrl the energy resolution are not sufficient for 

each group to be treated separately. Therefore the whole spectrum 

was divided into two parts, 8.35 < Ea < 8.50 MeV and 8.50 < 8 ;{-

< 8.60 MeV. As is seen from Fig.5, the half-lives for both pads of 

the spectrum are practically equal and amount to about 35 sec. 

6 

• 

Fig.6 gives the curves of the alpha emitter yie 

parts of the spectrum. It is seen that the maximum yield 

8.35 < E a< 8.50 MeV activity is observed for 96-MeV 1 

position and the shape of the upper curve in Fig.6 are 

reement both with the calculated values for the reaction 

and the experimental values for the same reaction in th• 

This was the reason for which the alpha particle 8.35 < 

group was assigned to the 
211

103 decay. The most inter 
. 211 

particle group in the 103 isotope spectrum is the 8.4: 

It is possible that this group is partially due to the dec 

isotQPe 
211

102 produced in the electron capture of the 

If this group is assumed to be completely due to the , 
• IU 
1sotope 102 then the electron capture probability for 
Ill 

103 may be estimated to be ~ 0.5. 

A great deal of the effort : put into the mentione 

spent on searching for the alpha activity with E 0 •I 

T " • 8+ 2 sec, which in the Berkeley workf6/ was ass 

isotope -
21

' 103 • Experiments were made in the 18 0 e 

90-96 MeV where there should. be a maximum of the c 
.-· Ul ( II ) liT for the reacbon Am 0 • 4 u. 103 according to the 

the experimental maximum of the cross section for the 
ua 11 ue 

Am ( 0, 5 u.) 103 • The 8.6 MeV alpha particle 

a half-life of 8 sec, had not been observed. It was po~ 

tablish only the upper bounrlary of the cross section fc 

of this activity. It was found to be 2.w-33 cm2 at the 

energy of 91 MeV. Such a value for the eros 

tion for the 257 103 isotope production does not agree 

the experimental cross sections for reactions with evapo 

ferent number of neutrons. It follows from this data the 

section must be essentially larger. 

The alpha decay of the isotope 217
103 mi~ht be 

only with the 8.5 < E 0 < 8.6, T " - 35 sec group. As il 

Fig.6 the maximum yield of this group in both series of 

measurements was observed at a lower 
18

0 ion energy 1 

~se of the 8.35 < E a< 8.50 MeV group. It is indices 
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ensured an alpha spectrometry with resolution of 

ent, the collection efficiency being high enough. This 

used earlier, at Dubna, to obtain data on lhe alpha 

nt 102 isotopes with mass numbers 251, 252, 253, 

/10-15/. These results were then proved by the Ber­

/16/. 

ynthesis of the element 103 isotopes the monoisotopic 

s bombarded, as before, with the 18 0 ions which 

tron evaporation reaction products to be identified by 

nctions. 

deal of attention was paid, during the work, to the 

·on of the targets from lead impurities, which can inte-

' ions. As a result, nuclei are produced the radioactive 

ich may be similar to the decay properties of element 

particle spectra obtained in ref. /2/ when bombarding 
18 

0 ions of energies 91 and 96 MeV are given in 

groups of energies 8.35- 8.60 MeV are due to the 

ement 103 isotopes with mass numbers 256 anri 257. 

'cle group of energy B.a. MeV appears as a result 

in the target. As is seen from Fig.4c obtained 

under the same conditions as those for ameri­

e background due to lead contamination did not­

ent in the experiments on the synthesis of element 

Ia energy region from 8.3 to 8.6 MeV. This valul was 

the relationship between the intensities of the 8,87 

6 MeV alpha particle groups in irradiating americium 

from Fig.4 that the alpha spectrum is complex. It is 

are several alpha particle groups, but the number 

nts anrl the energy resolution are not sufficient for 

e treated separately. Therefore the whole spech·um 

two parts, 8,35 < Ea < 8,50 MeV and 8.50 < E a-
is !5een fr-om Fig.5, the half-lives fnr both parts <Jf 

e practically equal and amount to c:tbout 35 sec. 

I •.. 
6 

Fig.6 gives the curves of the alpha emitter yields for both 

parts of the spectrum. It is seen that the maximum yield for the 

8.35 < E a< 8.50 MeV activity is observed for 96-MeV 
18

0 ions. The 

position and the shape of the upper curve in Fig.6 are in good ag-

reement both with the calculated values for the reaction (
18

0,5n >
118

103 

and the experimental values for the same reaction in the 1965 work. 

This was the reason for which the alpha particle 8.35 < E a< 8.50 

group was assigned to the 
118

103 decay. The most intensive alpha 
. 188 

particle group in the 103 isotope spectrum is the 8.42 MeV group. 

It is possible that this group is partially due to the decay of the 

isotQPe 
1118

102 produced in the electron capture of the isotope 118
103. 

If this group is assumed to be completely due to the decay of the 

isotope 
188 

102 then the electron capture probability for the isotope 
lllll 

103 may be estimated to be ~ 0.5. 

A great deal of the effort: put into the mentioned work was 

spent on searching for the alpha activity with E a • 8.6 MeV and 

T " • 8+ 2 sec, which in the Berkeley workf6/ was assigned to the 

isotope -u 7
103 • Experiments were made in the 

18 
0 energy range 

90-96 MeV where there should. be a maximum of the cross section 

for the reaction ua Am ( 
18 0, 4 n > 11 "103 according to the position of 

the experimental maximum of the cross section for the reaction 
141 Am ( 18 0, 5 D) 

1181 108 • The 8.6 MeV alpha particle group, with 

a half-life of 8 sec, had not been observed. It was possible to es­

tablish only the upper bounriary of the cross section for prorluction 

of this activity. It was found to be 2.w-~3 cm2 at the 
18 

0 ion 

energy of 91 MeV. Such a value for the cross sec-

tion for the 157 103 isotope production does not agree with any of 

the experimental cross sections for reactions with evaporation of dif­

ferent number of neutrons. It follows from this data that the cross 

section must be essentially larger. 

The alpha decay of the isotope 
1117

103 mip,ht be associated 

only with the 8.5 < Ea < 8.6, T " = 35 sec group. As is seen from 

Fig.6 the maximum yield of this group in both series of independent 

measurements was observed at a lower 
18

0 ion energy than in the 

~se of the 8.35 < E a< 8.50 MeV group. It is indicated in the 

'\ 
~ 
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25T 
paper that further study of the properties of the isotope 103 is 

needed, However, this is difficult to do since the properties of the 
ue 257 

isotopes 103 :9-nd 103 are very alike, 

The second group of Dubna experimenters has independently 

obtained /3/ almost the same data on the half-life and the spectrum 
2U 

of alpha particles emitted by the 103 isotope, 

The data of the work performed at Dubna on the direct measu­

rement of the alpha decay of the isotopes of element 103 and on 

• 258103 the r:letecbon of the daughter products of the isotope decay 

supplement each other and essentially provide full evidence of the 
ue 

fact itself of the svnthesis of the isotone 103 and of thP. rletP.r-
mination o~ its radioactive properties. 

The data on the 
211

103 isotope properties is to be further 

improved since it is rather similar to the properties of the isotope 
28 8 

103 

3. Work Performed at Berkeley 

In the course of 1958-1961 a group of American scientists at 

Berkeley attempterl repeatedly to synthesize element 103, 

The first attempt was made in l958/~£A tar~et containin.Q. the 

curium isotopes with mass numbers 244 and 246 was irradiated by 

accelerated ions of nitrogen-14. The reaction products were collec­

ted by the method of electrostatic attractifn of ionized recoils stop­

ped in a gas. The alpha emission of nuclei produced, was detected 

by the nuclear emulsion method. In these experiments a weak alpha 

activity was detected of energy 9::!: 1 MeV and a hali-life of about 

0. 25 sec, which was very tentatively assigned to an isotope of ele­

ment 103 with mass number 256, This isotope might be produced in 

the evaporation reaction with the emission of 4 neutrons from the 

d 1 . c· . f u N 'th 24oec compoun nuc eus 1n lSion o WI m 

To prove the validity of this assertion additional experiments 

were needed. However, since then, the authors have given no infor-

8 

• I . 

,'_' 

~~· 

i 
'· 

mation as to whether any experiments of this kind ha' 

med, 

At present the half-life of the isotope ue 103 

35 sec, 

. At the 1960 Gatlinburg Conference A.Ghiorso 

synthesis of the element 103 isotopes with mass n-..1 

260/5/, The Cf target was bombarded with the acce 

ions. To register and identify the isotope 
2511

103 the 

was used, A relatively long-lived product of the d4 

isotope, is the alpha active fermium isotope with rna 

and a half-life of 20 hours, produced as follows: 

2611 a 
103 ---+ U5 

101 e,o ---.. uo 
100 

On the catcher of the alpha decay products of ato1 

in nuclear reactions when bombarding californium wit 

ted boron-II ions, there was observed fermiurn-255, 

time dependence of the fermium-255 accumulation < 

foil was such that it was difficult to obtain a definite 

isotope 
2611

103· • This meant that the experimental ted 

was not perfect and the background was too large, 

authors hav~ not reported if any experiments of the 

performed. Using a similar technique, an attempt was n 

the isotope :
180

103 py detecting its daughter products: 

280103 ~ 258 101 ....!.:!..... 258 100 • 

Due to a large background these experiments have 

definite results. 

The next paper / 6 / devoted to the synthesis 

was published in the winter of 1961. The element 103 

by irradiating a californium target with the accelerat 

ron-10 and boron -11, • The target harl a complicatec 

pound ( 249 ~ A ::;. 252). The reaction products were 
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er 
211T 

study of the properties of the isotope 103 is 

ver, this is difficult to do since the properties of the 

3 
215 7 

and 103 are very alike, 

ond group of Dubna experimenters has independently 

most the same data on the half-life and the spectrum 
2611 

les emitted by the 103 isotope, 

of the work performed at Dubna on the direct measu­

lpha decay of the isotopes of element 103 and on 
2158 • 

daughter products of the lOS Isotope decay 

ch other and essentially provide full evidence of the 
:IIIli 

e svnthesis of the isotone lOS anrl of thP c:letPr-

radioactive properties, 

on the 
251

103 isotope properties is to be further 

.e it is rather similar to the properties of the isotope 

3. Work Performed at Berkeley 

urse of 1958-1961 a group of American scientists at 

synthesize element 103, 

attempt was made in 1958/
4
{A tar.!;!,et containin.!;!, the 

with mass numbers 244 and 246 was irradiated by 

of nitrogen-14, The reaction products were coilec­

od of electrostatic attraction of ionized recoils 1 stop-

The alpha emission of nuclei produced, was detected 

emulsion method, In these experiments a weak alpha 

etected of energy 9! 1 MeV and a hal~life of about 

h was very tentatively assigned to an isotope of ele­

mass number 256, This isotope might be produced in 

n reaction with the emission of 4 neutrons from the 

eus in fision of u N with 248 Cm 

the validity of this assertion additional experiments 

owever, since then, the authors have given no infor-

8 

.~ 

·,}_' 

~· 

,-.:,, 

· .. ~: 

mation as to whether any experiments of this kind have been perfor-

med. 

. " "f f • 2118 103 . At present the hal.-11 e o the 1sotope 1s known to be 

35 sec. 
. At the 1960 Gatlinburg Conference A,Ghiorso reported on the 

synthesis of the element 103 isotopes with mass n--tmbers 259 and 

260/5/, The Cf target was bombarded with the accelerateri boron-ll 

ions, To register and identify the isotope 
258

103 the genetic method 

was used, A relatively long-lived product of the decay of 2118 103 

isotope, is the alpha active fermium isotope with mass number 255 

and a half-life of 20 hours, produced as follows: 

2159 a 
103. --... 

2U 
101 e,o 
~ 

2116 
100 

On the catcher of the alpha decay products of atoms synthesized 

in nuclear reactions when bombarding californium with the accelera­

ted boron-11 ions, there was observed fermium-255, However, the 

time dependence of the fermium-255 accumulation on the catcher 

foil was such that it was difficult to obtain a definite half-life of the 

isotope 
269

103 , This meant that the experimental technique employed 

was not perfect and the background was too large, Further, the 

authors hav? not reported if any experiments of the kind have been 

performed, Using a similar technique, an attempt was made to observe 

the isotope· uo103 by detecting its daughter products: 

280103 ~ 2158 101 ~ 2158 100 

Due t6 a large background these experiments have also given no 

definite results. 

The next paper / 6 / devoted to the synthesis of element 103 

was published in the winter of 1961, The element 103 was synthesized 

by irradiating a californium target with the accelerated ions of bo­

ron-10 and boron -11, , The target harl a complicated isotopic com­

pound ( 249 ~ A !>, 252), The reaction products were caught out by 

I 
~ 
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means of electrostatic attraction of charged particles from gas. Using 

1his method thin layers could be obtained. The spectrum of the alpha 

particles emitted by reaction products was studied by means of sur­

face-barrier semi-conductor detectors, The use of such detect?rs 

allowed experimenters to get information about the complex alpha 

particle spectrum with an energy resolution of 40 KeV, Fig,? shows 

the alpha spectrum obtained in one of the runs, 

Alpha particles of an energy of 8,6 MeV and a half-life of 

8:_ 2 sec were considered. as a result of the decay of an isotope of 

element 103. The assignment was based on the following. 

1. This activity '"'as absent in products obtained by irradiating 

targets from lead, bismuth, plutonium-240 and americium-241 with 

accelerated ions of boron-10, 11 and target from 
248

Am with 
12 

C ions. 

2. The yield of a product emitting 8.6 MeV alpha particles with 

a half-life of 8 sec decreases by a factor of two when the same 

californium target is bombarded by accelerated carbon-12 ions. The . . 
result agreed with the data on the irradiation of plutonium-240 

1:1 11 . 
targets by C and B 1ons. 

3, Alpha activity was steadily obtained during several months. 

In the work mentioned the alpha activity yield was investigated 

as a function of the bombarding particle energy. The excitation func­

tion was very broad both in bombarding with boron-10 and boron-11 

ions. 

Such an energy dependence allowed the authors to establish 

the atomic number of the isotope synthesized to be 257, as the 

most probable one, since in this case th~ same product is obtained 

in evaporation reactions with emission of a different number of neut­

rons due to a complicated isotopic composition of the target. 

In this paper the authors suggested that the element 103 should 

be named lawrencium. 

As is seen from the experimental data given, the activity pro-

:~; 
,\; .. '•,:'',,\,, 
~;r .!\,: 

: ,j\ 
il; 

,II). 

.. Ji .. ~· .. (· ~ I 

~ il 
(I 
''I 

I~ 

duced was identified in Berkeley, only by physical methods. , 

A very large amount of experimental information available shows 

that the most effective method of identification is the measurement 

~ 
10 

• .t~~·'' 

of the ( H 1 , x n ) excitation functions, In the case 

cf several neutrons these have a typical bell- shape 

FWHM of about 8-10 MeV, 

The reliability of 1his method was proved by the 

synthesis of element 102 performed at Dubna and Berl 

Unfortunately, the Berkeley scientists could not u 

for the 
251

103 identification since the target was a mi 

ral isotopes and the excitation functions were broa· 

case of boron-10 and boron- 11. Thus, it was even 

say, whether they are due to superposition of severa. 

poration reactions leading to an isotope of element 1 

any other reactions, In particular, the authors have n 

it is possible to produce the isomer of heavy isotope 

e.g. of element 101 which in all the check experiment~: 

like an isotope of 103. However, as in previous exper 

ment 103 made in Berkeley, further investigations of tl 

effect have not been carried out. 

There was also no publications on more detailed 

in 1961. 

It has been only communicated that the authors 

ley worJ.
6

/ hav~ changed the interpretation of the ex1= 

published in 1961 and consider that, apparently, the i 

ment 103 emitting alpha particles of an energy of 8, 

half-life of B. sec has the mass number 258 or 259 

257{17,1sj. The table. of reactions in which the element 

might be produced when irradiating the targ~t consh 

californium isotopes, as main constituents, is as follc 

Target 232 
Cf ( 50.8 ") ll6l Cf( 12.3" l 260 

Isotope II B liB liB lOB 

\ 69 103 4n 3n 3n 2n 
268 

103 Sn 4n 4n 3n 
267 

6n 5n So 4n 103 
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lectrostatic attraction of charged particles from gas. Using 

thin layers could be obtained. '!'he spectrum of the alpha 
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an energy dependence allowed the authors to establish 

number of the isotope synthesized to be 257, as the 

ble one, since in this case the same product is! obtained 

reactions with emission of a different number of neut­

a complicated isotopic composition of the target. 

paper the authors suggested that the element 103 should 

seen from the experimental data given, the activity pro­

identified in Berkeley, only by physical methods. 

large amount of experimental information available shows 

effective method of identification is the measurement 
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of the < H 1 • x n > excitation functions. In the case of evaporation 

cf several neutrons these have a typical bell- shaped fonn with a 

FWHM o~ about 8- 10 MeV. 

'The reliability of this method was proved by the works on the 

synthesis of element 102 performed at Dubna and Berkeley f 10-16/. 

Unfortunately, the Berkeley scientists could not use this method 

for the liH 103 identification since the target was a mixture of seve­

ral isotopes and the excitation functions were broad both in the 

case of boron-10 and boron- 11. 'Thus, it was even impossible to 

say, whether they are due to superposition of several neutron eva­

poration reactions leading to an isotope of element 103, or due to 

any other reactions. In particular, the authors have not analysed if 

it is possible to produce the isomer of heavy isotope with A t:; 252 , 

e.g. of element 101 which in all the check experiments might behave 

like an isotope of 103. However, as in previous experiments on ele­

ment 103 made in Berkeley, further investigations of the discovered 

effect have not been carried out. 

'There was also no publications on more detailed data obtained 

in 1961. 

It has been only communicated that the authors of the Berke-

ley worJ6 f have changed the .interpretation of the experimental data 

published in 1961 and consider that, apparently, the isotope of ele­

ment 103 emitting alpha particles of an energy of 8.6 MeV and a 

half-life of B. sec has the mass number 258 or 259 rather than 

257{17,1aj. 'The table of reactions in which the element 103 isotopes 

might be produced when irradiating the targ~t consisting of three 

californium isotopes, as main constituents, is as follows: 

'Target ua Cf ( 50,8 ") ll6l Cf(l2,3") aoo CH32.8") 

Isotope 
II B 11B liB lOB liB lOB 

\ 69 103 4n 3n 3n 2n 2n 1n 
1168 

103 5n 4n 4n 3n 3n 2n 
ll67 

103 6n 5n Sn 4n 4n 3n 

------------------·-----· 

''1, 

II 
11 

• 



As is known. the maximum yield in heavy- ion reactions is 

reached when 4 or 5 neutrons are emitted from the con:pound nuc­

leus, the appropriate excitation functions having widths ( FWHM) of 

about 8- 10 MeV. Since the excitation functions for the production 

of the 8.6- MeV alpha activity were found to be very broad in the 

experiment of A.Ghiorso et al/6/ the original interpretation of this 

fact by the authors themselves seems to be most natural. In fact, 

due to a complicated composition of the target the excitation function 

• lilT 103 for production of the 1sotope must be very broad. 
10 • 11&8 

In the case of 8 hombardments the 1sotooe lOS should 

have been produced only according to the reaction 
1112

Cf( 
10 

8 , s n) • 

The yield should have been essentially smaller here than in 

the case of u 8 bombardment and the excitation function should 

have had a characteristic maximum with a FWHlVI of about 10 MeV. 

However, this had not been observed. Thus, it is unlikely that the 

effect observed was due to the isotope 
1118

10S • The same mav 
:lOll 

be said about the isotope 103 • It can be synthesized by means 

of the 10 8 ion bombardmP.nt.s:. Rrrorciino to thP rPRrtinnc:.
11111

CH
10

8 .4n) 
11&1 10 . and C f ( 8 , 3 n) • Owing to the fact that the ( 3n) reaction cross 

section is essentially smaller than the ( 4n) reaction cross section 
- 1111 

and that the amount of C f in the target is smaller than that of 
IIIII Cf by a factor of four, the exciw.tion function must have actual-

ly the same behaviour as for the reaction u2cf ( 
10

.8 , 4n) i.e. 

it should be rather narrow. 

The assertion. that in the 1961 \experiments the isotope 
11118 

lOS 

no or lOS. was observed, is actually equivalent to that the excita-

tion functions were narrow while in ref./ 6/ it was indicated that 

they were very broad. Owing to this contradiction subsidiary exl=!e­

rimental data are thought to be needed in order to prove that in 

1961 an isotope of element 103 was synthesized. 

The new interpretation of the 1961 data, seems to be very un-

likely also,· due to the following circumstance. A large amount of 

new, presently available data on the alpha decay energies of the 

transuranium element isotopes agree well with the predictions of the 

'I 
.... 

12 

•· 

alpha decay energy systematics worked out by Viola 8..1 

For even- even isotopes this agreement lies within '" 

odd isotopes, the alpha decay "of which can go to the 

of daughter nuclei, the alpha decay energies given ir 

tics should be considered as the upper boundary. 

the systematics, the upper boundary of the alpha particl 
IID9 

for the isotope lOS is 8.2 MeV. The value 8.6 Me 

be very large for the isotope 
219 

lOS • For isotope 21 ~03 
ment with the systematics is smaller but nevertheHe~ 

The chronological scheme of the half-lives ascrit 

103 isotopes is given in Fig.8. ment 

4. Conclusion 

The following conclusions may be drawn from fr 

the experimental work on the element 103 performed 

Berkeley: 

1. At present the isotope of element 103 with mas 

which has been synthesized at Dubna is the most re 

one. The half-life of this isotope was found to be 45!_ 

1965 experiments by detecting the daughter decay pre 

observation in 1967' permitted the authors to establish 

tope decays by the emission of alpha particles with 

8.35 < E a < 8,50 MeV and a half-life of about 35 sec, 

alpha particles being most intensive. The ratio of the alp 

probability to the electron capture probability is es 

~ 1. 

2. The data obtained in 1961, in Berkeley on the i 

properties ( E a •8.6 MeV, T~·8·i:_2 sec) have not be 

Dubna. 

The properties of the isotope 267103 8.5 < E 

and T~ 

improved • 

.. 35 sec) obtained at Dubna in 1967 need 
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known, the maximum yield in heavy- ion reactions is 

neutrons are emitted from the corr:pound nuo­

excitation functions having widths ( FWHM) of 

MeV. Since the excitation functions for the production 

alpha activity were found to be very broad in the 

A.Ghiorso et ai.f 6/ the original interpretation of this 

themselves seems to be most natural. In fact, 

composition of the target the excitation function 
liBT 

isotope 103 must be very broad. 

10 B hombardments the isotooe ue lOS should 

only according to the reaction 
211 2

C f ( 
10 

B , s n ) • 

should have been essentially smaller here than in 

11 B bombardment and the excitation function should 

characteristic maximum with a FWHM of about 10 MeV. 

had not been observed. Thus, it is unlikely that the 

to the isotope ae 9103 • The same mav 
liD II 

the isotope 103 • It can be synthesized by means 

ion bombarcimPnt!::; Flrrnrrlino tn thP rPArtinnc::.
2
UCf(

10
B.4n) 

B. 3 n) • Owing to the fact that the ( 3n) reaction cross 

smaller than the ( 4n) reaction cross section 
au 

of Cf in the target is smaller than that of 

a factor of four, the excit:c.tion function must have actual-

behaviour as for the reaction aD lief ( 10
.8 , 4 n ) i.e. 

us 
the 1961 experiments the isotbpe lOS 

was observed, is actually equivalent to that the excita­

were narrow while in ref./ 6/ it was indicated that 

to this contradiction subsidiary expe-

are thought to be needed in order to prove that in 

of element 103 was synthesized. 

interpretation of the 1961 data, seems to be very un­

. due to the following circumstance. A large amount of 

available data on the alpha decay energies of the 

element isotopes agree well with the predictions of the 

12 
.~, 

alpha decay energy systematics worked out by Viola and SeaborJ11?/ 
For even- even isotopes this agreement lies within '" 100 keV. For 

odd isotopes,· the alpha decay "of which can go to the excited levels 

of daughter nuclei, the alpha decay energies given in the systema­

tics should be considered as the upper boundary. According to 

the systematics, the upper boundary of the alpha particle energies 
UQ 

for the isotope lOS is 8.2 MeV, The value 8,6 MeV seems to 

be very large for the isotope 
2u lOS • For isotope liD~os the disa_gre­

but nevertheless it exists. 

half-lives ascribed to the ele-

ment with the systematics is smaller 

The chronological scheme of the 

ment 103 isotopes is given in Fig,8, 

4. Conclusion 

The following conclusions may be drawn from the analysis of 

the experimental work on the element 103 performed at Dubna and 

Berkeley: 

1, At present the isotope of element 103 with mass number 256 

which has been synthesized at Dubna is the most reliably studied 

one. The half-life of this isotope was found to be 45-.!:.10 sec in the 

1965 experiments by detecting the daughter decay products. Direct 

observation in 1967 permitted the author~ to establish that this iso­

tope decays by the emission of alpha particles with an energy of 

8,35 < E a< 8,50 MeV and a half-life of about 35 sec, the 8,42-MeV 

alpha P'7'-rtic1es being most intensive. The ratio of the alpha decay 

probability to the electron capture probability is estimated to be 

:e. 1. 

2. The data obtained in 1961., in Berkeley on the isotope :a:; 
1
103 

properties ( E a •8.6 MeV, T~-8~2 sec) have not been proved at 

Dubna, 

The properties of the isotope 
2

n 103 ( 8,5 < E a< 8,6 MeV) 

and T ~ ,
1 

"' 35 sec) obtained at Dubna in 19 6 7 need to be further 

improved,
1 

• 
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3. The .8 ,6-MeV alpha particle activity with a half-life of 8~ 2sec 

obtained in 1961 in Berkeley and first ascribed to the isotope 
211

103 

is now assip,ned by the authors to t~ isotope 
218

103 , or 
21

,03 • It 
is not known what underlies the new analysis , the conclusions of 

which contradict with a part of the experimental results of the ori­

ginal work, however additional experimental data is needed to give 

a basis for the new conclusions. 
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ct with a part of the experimental results of the ori­

however additional experimental data is needed to give 

the new conclusions. 
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ten runs. Total bombardment 5.0 11. a x h r • Cycle time 15 sec, 
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F'ig,B. The results of the measuring of the half-lives and alpha-particle 
ener~ies of the isotopes eiement 103 at Dubna and Berkeley. 
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