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NUCLEAR REACTIONS. Os, E = 90-154 MeV

E measured excitation functions, enriched target

172,173,174

RADIOACTIVITY Os, measured E_, t o-branching
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Abstract
Three neutron-deficient isotopes of osmium have been produced by ‘the

interaction of 16O ionsfwith erbium targets and observed by their a-decay.

173

=19 s; ~“0s, E_ = 4.94 MeV, t.,. = 16 s

They are 17205, Ea = 5.105 MeV, t
| 173

17k

and

1/2 1/2
= U5 s. The of (B + e.c.) branéhingé for
172

Os, E = L.76 MeV, t Os

o 1/2

and lThOs are both 0.02% and that for 0s is £ 0.3%.

fWork performed under the auspices of the U. 8. Atomic Energy Commission.

+ : B
Permanent address, Niels Bohr Institute, Ris¢, Denmark.
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1. Intfednction
AAlpha decay is energetlcally p0551ble in elements below lead but 1n

general the alpha decay energles are so low that thls mode of decay is not

, observed.’ The moet neutron-deficient ieotopes havevlarger alpha decay energieé
and alpha emiesion has been obserﬁed to cbmpete mith electrqnbeapture or poéi— v

' | . - '

tron emission in the decay!of lighf.isdfopee of iridium; platinum, gold, and
mercury produced by heavy ion reaetionsl’g’B) or'by high—energy proton epaie
,lationy). Many more cases of alpha decay remain to be discovered among the.
neutren—deflcient 1sotopes_of these and llghter elemente The present study

is a centribution to this task. Gulded by the predlctlons of SllVOlaS)

we investigated the alpha decay of 7205, 17303, and YhOs produced by

homba?dnent ofil6hEr withéheams.of';éo;“ Gamtta-ray measurement
techniques were used to.measufe-the extent of competitive decay byp
electron capture or pdsitron emission. The contribution of alpha'emission is
less than 0.3% in.ali eases even though these nuclei have 10, ;l,vand 12 fewer
neutrons, respectively;‘than_lShOs, the lightest of the beta stable isotopes
of osmium. | A .

Nonetheleéé,<the slight probahility'for alpha emission is important fop
testing the reliabiliﬁy_of publishen mass'predictions for nuelei far from betau

stability. We return to the point in the discussion section after we present

our experimental methods and-results.
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12.  Experimental

The experiments were performed.at the heavy ion linear accelerator at
the Lawrence Radiation Laboratbr&, Berkeiey. Thevprimary reaction used was
._l6hEr(l6O,xﬁ)l8O_XOs at bombarding energies bétweenbléo and 110 MeV, a range.
which allows evapération of up to éight or nine neutrons. |

The maximum availablé beaﬁ energy was 10.3 MeV/amu; lower beam energies
were obtained by inserting sfaéké of 1.72 mg/cm2 alﬁminum foils in front of the
 target. The range-energy rélationships of Northcliffe6’7).were used to cal-
culate beam.energy degradation in the absorber foils.

Targets of 2.5 mg/qm2 thickness were prepared by moleculaf ?lating )
of efbium oxides onto 1.7.ﬁg/¢m2 Ni foils starting Wiﬁh érbium oxide thch
had the isoﬁopic composifions listed in table l..

The targets were mounted in a small helium-filled reaction cell. The
recoiling product nuciei were stopped in helium, rapidly transpoftedvout of
the reaction zone'in'a'stfeém of héiiuﬁ, and coilected on a plate éositiohed
in froht of an alphé detectof madé df éemiconducting silicon. Thé helium-jet
transfer technique andvthe.aSsociated techniques for control éf daté recording

7519,

are described in our previous articles Similar techniques are described

by Macfarlane g}_g&,ll).

The range of the recoil atoms in erbium for the energy region of

12)

interest was calculated to lie between 1.1 and 1.6 mg/cmg. The recoil

ranges in He of 2.2 atm pressufe wére estimated from measured ranges of Dy

recoilsl3)

to cover the region 1:6-2.2 cm which is larger than the actual
chamber length of 1.3 cm. These ranges, compared with the target thickness and
the path length in He assure that the recoils which are stopped in the helium

are produced in the same effective thickness of target material independent of

bombarding energy.
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In the. initial series of experlmente act1v1ty was collected on a foil
p031t10ned directly in front of a statlonary detector and alpha partlcle.spectra
were measured continuously, except that data recordlng was blocked durlng the.

4 ms beam bursts. Flgure 1 shows en alpha spectrum recorded during the bom—‘-t.

bardment of l6hEr Wlth.13h MeV l60. The energy scale was callbrated Wlth alpha

particles of known energy from Ah Am (5. 486 'MeV), 23hU (4.774 MeV), ana hQPu
(5.168 MeV). The error in the determlnatlon of the energy of unknown groupsv
was estimated to be 10 keV. Spectra from the products of the lGhEr + 16'O
- reaction were recordedvat mahj beam energies for'equiualent amounts.of ihte—
grated beam and the yields of specific albha peaks vwas determined as a function.
£ 16O energy; Yield curves for three of the alpha groups are shoWn in fig. 2.
The 51gn1f1cant half lives in thls study fell in the range of seconds.
For'their megsurement We'used 8 techniQue discussed previouslleJ in'whichva
two-position collector plate wae employed. Alpha active products were col-
lected for some preéelectedenumber of'seconds et one collector‘position afterr'
which the collector was flipped with e solehoid—activated driue in order to
position the sample in front of an a+detector.' Alpha pulses were then recorded-
in 8 time beriods; At the end of the 8th period the collector was flipped
back to its originel-bosition and a second sample was‘couhted'while the first -
was recelv1ng new act1v1ty from the hellum jet Decay curves.for two alpha
groups measured by this method at a beam energy of lSh MeV are shown in fig. 3.
In addition, a decay curve was determlned for the L4.76 MeV o group at a bom—
bardment energy of 120 MeV. | | |

To obtain sufficient information for the assignment of the observed -

alpha groups7measurements were made with the following target projectile
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164 - 16 166 16

combinations: Er + 70, Er + ~0, and 1

6hEr +-th.

In order to measure fhe’éifent of the_parfial decay by orbital electron:
capture and positron emission somé gaﬁma ray méaéuremenﬁs were made in the
following way. Sémples of the réaction products were collected by fhe héiiﬁm—
“jet technique on nickel foils for a preselected amount of beam (0.45 pAh at a
béam current of 0.9 pA) at six different bomﬂardment energies. .These éamp1es
were removed and the Y rays emitted by them were measured with a Ge(Li)
detecfor of 6 cm3 active volume at intervals over a period of many houfs. The
samples were placed 2.4 cm from the.front surface of the detectoriin'a repro;

137

. : : 5 .
ducible position which wag calibrated with standards of Cs and 2 Na obtained
from the International Atomic Energy Agency. Energies, intensitiéS, and half

lives of individual gamma ray peaks were determined. These data were used in

the way discussed in sectionsVB.l and 3.3 below.
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3; Résults and Discussion
. . . ) i T . ) - . 172—17h . .
Table 2 summarizes the results on the three osmium isotopes ~ Os -
for which definite assignmehts could be_made_as,discﬁsséd bélow..
: _ , . i
3.1. ISOTOPE ASSIGNMENT , aut |
One main piece of_evidéhée for‘the.maSSQaséignmeht comes fromia:com—
parison of the experimental yield curves for the 5.105, 4.94%, and L.76 MeV
alpha groups with theoretical curve shapes caléulated with the aid of,Sikke—
land'sformulalh) for the evaporation of 6, 7, and 8 neutrons from ﬁhe_cpmpound
nucleus. In this calculation we qsed‘a nuclear temperature of 2 MeV'and a
value of 1.5 for the ratio of the moment of inertia of the compound;system fo"that

e

of a rigid sphere, as'feCOmmendéd;invref. ' - 'The magnitude of the theoretical

cross sectionéfwereuseparafely.ndrmalized.tofthe data for each mass nUmber. _Séé.fig. 2.
'The calculatiohé:re?rbdﬁce the pesak énergies quite'weli;aﬁd although

the curves aré éomeﬁhat téo broad they represent a féirl& safe isofope'

assignment to the thféé'aiphg groups . The rise of the'h.7§ MeV points

at the high-energy end of the 6n cﬁr&evis due to the presenéé’bf 166Er in

‘the target (see tébié’l). In the cése‘of-the points for thehs;lOS MéV alpha

group at a bombarding energy below 120 MeV we think this tailing may originaté!-'

172

from some other alpha emitter than .Os with a similar alpha.enérgy.

- In drawihg'these conciusionsvbased on thé expectaﬁionAof the predom-
inance ofbneutron‘évaporation frém‘thé compound ﬁuéieus_ﬁé cbnsidered
thé:possibility of proton'emission.. See later discussion.

Confirmation of the mass assignments came from the y-data. The’

analysis of the y-data was made on the reasonable assumption that any osmium
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isotope made in a compound nucleus reaction would decay by a series of electron

capture (or positron)vprocesses as exemplified by the following chain:

17h : 174 i 17k C 1Tk 1Tk
> ——— ————> : > — -
Os ﬂ§~§gz- Re Short W 50 min Ta T3% Hf.. Alpha decay com

‘petition along the:chain can be assumed to be negligible. Only in the Ta and

W isotopés have‘the deéay-schemes been studied previously and hence we searched
for y-transitions with energy and half-life ?haracteristics identical with
those reported for these isotopes. For A = 174k we observed the L™ » 2+

(206.2 keV) and ot > ot (90,9 keV) transitions in the ground state rotational

17k Th

band of Hf which ~ occur in the deéaylsi of l.3.h'l Ta. For A = 173

1T34¢ from the decay™®) of 3.6 h 1735,

173

we observed the 172.1 keV transition in

173

and>thev123.6 keV transition in Lu from the decaylé) of Hf. For A =172 .

¥y o+ o o + + C . .
we observed the 4 = 2 (21L keV) and 2 -+ 0 (95 keV) transitions in the

17 lTQTa. We

groundvéﬁate rotatiqnal band of 2Hf‘in the decay16) of 44 min
'exaﬁined the yiéld'of these radiations, after correction fqr decay, as a

function of 16O bombarding energy and found fhese yield cﬁrves were similar

to the experimental excitation functiqns for the corresponding osmium alpha activ—
itieé shown in fig. 2. The main difference was a somewhat broader distributibn
for the yield of the y-radiation. We consider this similarity in the o and ¥y
excitation curves as an independent confirmation of the mass assignments of the
osmium d—emitters. The main oﬁjection that can be raised to this interpretation

is that there could be direct formation of Re, W, etc. by proton evaporation

frdm the compound'system;' We consider this possibility in the following section.
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3.2. CHARGED PARTICLE EVAPORATION"
To determine the amount of proton evaporation in competition with

-neutron evaporation along the de-excitation chain we estimated the relative

|
1

: e S : v 80 172 .
widths for emission of these particles at each step from 1 0Os to T Os using
the methods of Rudstamlg) and Karnaukovzo). |

: | . . .
We can write the relative widths~forlproton and neutron evaporation as .
rp/I'n_~exp[(Bn - B, - E,)/T] | (1)

~ for the evep4even and odd—édd nUc-ieiT. The éymbols'Bn and Bl-‘) are .neutrc")n and
proton binding energies, répectiVély, and T is fhe‘nuclear'temperéﬁure. The
quantity EC is the effectivé Cbﬁlomb_barrier‘againSt proton emissioﬁ defined  |
as thelvalue'of Bn—Bp ﬁhere thé.prdbébilities for neutron aﬁd p;étonvevapora—
tion become - equal. Equafion (1) is based on the simple_aésumpﬁibn’that the
'emissioﬁ widths are prOPOrtional'to ﬁhe'ievel densities in the final nucléi;

and that tﬁése ih.tﬁrhfcah gé expressea as the‘baéé; e, raised:té én exponent,'i
"equal to thé excitatidnbénérgy‘divided by the nuclear tempéréture;b At high
éxcitation energiest% will assume the pairing to be negligible;.so for even.Z;
odd N'nuclei we have to add thé pairing énergy, 2A to the expression in. the
parentheéis; for_pdd Z, even N nuclei it must bé subtracted. Suitable parameférs
'for_this analysis have been determined experimentally for the case of osmium ;f
iSQtopes by Leigﬁbgi_ggrel) who made a comparison of tungsten and osmium isotoﬁic

yields in bombardments of lm‘LSm and lh8Sm with 2881; from this analysis the

C

'value‘of E, is 9.6 MeV. For Bn é.nd.Bp we used the values.calculated by Myers-7
and Swiéteckize). For 2A and T we chose the values of 1.6 and 1.5 MeV, |

v respectively;
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Making use of the constants for relative emission widths mentioned

17 17305, and 172Os decay to the

above we estimate for tﬁe éontribution df Os,
total observed yiéld invthe'Y—ray measﬁrements bf the isotones 17&, 173, and
| 172 to be (65 * 25)%, (55 * 25)% and (45 * 25)%, reépectively. The, fest of
the yield is attributed to direct ?roduction;of Re, W, and Ta caused by proton
emission aléng fhe de—excitationvéhain.‘kThe‘uncertainties in thé cofréctions
are estimated by changing T by i‘C.S'MeV.

Evaporation of alpha particles is less probable than proton evaporation

because B, * E, is larger for alphas than for protons. Furthermore, the exci-

C

tation fuhction for an (16O,dxn) reaction peaks at a lower bbmbarding energy -
than that for an-(l60,xpyn) reaction léading to'the samé isofope,.which fact

is probably the cause of the:slight fiatness of the y-yield funcﬁionsrmentioned.
in section 3.1. Nb correcfidn-was méde for this, nor for break-up reactions

1

such as, for example,.the division of l60 into 2C and'hHe followed.by the

fusion of the target with 1203 both mechanisms are considered of minor impor-

tance compared to n- and p-evaporations.

3.3. ALPHA BRANCHING

!

+ ’ y
It was possible to compute the decay ratio, o/(e.c. + B ), for the
three osmium isotopes by use of the quantitative Y-yield data and knowledge of
the decay schemes in the following way.

for

15)

By using the conversion electron data by Harmatz and Handley

the decays of 1T3Ta and 17LLT& and theoretical coﬁvefsion coefficients we are

able to give an estimate of the y-intensities of the 172.1, 206.2, and 90.9 keV

transifions in percentage of the number of disintegrations. The estimated
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values are I (172.1) = 177 I‘(206 2) = 80% and'IY(90.9) = 12%. This intensity
173 '

of the 172 1 keV trensition in Hf is in agreement with measured y-ray inten-—.

sities in the * mg - Hf decayljj. In the same manner the IY(123'6) is

estimated to represent 81% of_the 173Lu diSintegrationsl6). This is in agree-

ment with recent y-ray meesurements of this decaylS); There are no pubiished N

172

values of either electron- or Y-intensities in the decay of Ta to Hf; the

95 keV y-peak in our spectra is mixed with a Y-ray of the same energy in the
176W -+ Ta decay, but the 214 keV y—peak_ie pure. If we assume that ail decaysie
govthrough'the ¥ o> ot traneition we obtain the limi£ thatFIY(2lh5.S.83% of
all decays. | | |

The measured Y-lntensltles are corrected for detector efflc1ency to‘
give the total number of Ta’or Hf nuclldes formed through B em1531on or elecf |
tron capture durlng a bombardment. Correction for decay is‘easiiy done since'v
the half—llves lnvolved are either well known or short compared to the bombard—.
ment time (30 min). dA correction was also made for contribution to the total
yield from independent formation of isotopes below osmium‘as,diseussed inithe:dr
previous section. | | |

In this way numbers were obtained for the osmium nuclei decaying by
Bf—emission or electron-oapture which could be compared withbthe numbers of

17k

nuclel decaylng by a—partlcle emission. For Os we obtained an a—branching;”

value of 0. 0207 maklng use of both the- 90 9 and the 206.2 keV tran51t10n data -

in 17th. The a—branch of 73Os was determlned to be O. 021% independently from‘

the data on the 172 l keV- tran51t10n in 73Hf and the 123.6 keV transition in

173Lu., We assign 25% uncertainties to both values, the major source being the

estimate of proton emission competition in the evaporation chain. If we assume
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no proton emission at all we obtain lower‘limits for the o-branching of 0.013

17k 173 172

and 0.012% for ~' 0s and = ~0Os, respectively. The a-branch of

172

Os was dif-

ficult to estimate because of very limited knowledge of the Ta decay scheme.

172

We set a limit of <0.3% for the slpha-branching of Os. See table 3 for a

summary of the results on all three osmium isotopes.

3.4. OTHER PEAKS

As to the other alpha groups in fig. 1 the intense peékbét ﬁ.25 MeV |
hes a half life of sevefal minutes and the ﬁ.68 MeV peak has s half life of
32+6 s, but no identification was made’of these or of other unlabeled peéks
in the spectrum. The Yield curves for all ﬁhese peaks are rather Tlat which
sﬁggests they are férmed‘through,“a—out“ or by partial_t?ansfer reactions and

hence that these alpha particles belbng to elements below osmium.

3.5. SYSTEMATICS:v

Experimehtal alphé;pérticle énergies for neutron-deficient isotopes of
Os—Hg:are shown in.fig. L, in a form which should be useful for extrapolation
to extimate alpha energies of unknbwn Re or Os isotopes;‘

In fable 3 are shown expérimental osmium Qu—values as determined by
the'expression, EaA/(A—h) + 0.025 MeV, Wheré A is the mass number of the alpha;
émitting qucleus‘ahd the 25 keV represents the contribution from screening by -

173

the atomic electrons. For quWe assume that the observed a-group is the

ground'sfafe to ground state trahsition.  Also shown are predictions by various
mass'fdrmulae,. We note that fpr.fhis group of nuclei the Myers and Swiéteckieg)
calculation comes quite close, ﬁhereas the exﬁrapolation done by Garvey g&_g;?3)

deviates by about 1 MeV.
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We note that a-decay of Os-isotopes even lighter than those observed
in the present study should be observable. The a-branching is likély ﬁo

~increase rapidlyz) towards more neutron deficient isotopes and a compound -

nucleus of for example lTSOsvéouid be formed in a }h7Sm.+ 28
e : ‘ |

y - The authors grétefully'acknowledge-dﬁscussions with Frank Stephens énd '

Si reaction.

Jack Leigh and receipt of thgir reaction dati prior to publiCation~7 We are -

grateful to Charles Corum for‘ingenious design of the reaction cell. -
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Figure'Captiohé

Fig. 1. Spectrum of alpha.particléé emitted by produéts isolated.frOm l6hEr
target bombarded with 0. e 210y pesk at 5.30 MeV is due to
a contamination of the detector surface from other reactions.

Fig. 2. Points are yields of individual o grbups for different bombardiﬁg
energies. 'The curve is thé”result of a neutronbevaporation calculation
(see sec. 3.1). | |

Fig. 3. Decay curves for the 5.105 MeV and 4.94 MeV o groups obtained at a
bomﬁarding energy of lShbﬁeV.

Fig. L. ExpérimentalAalpha particle energies plotted against Z. -
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Table 1

Isotopic composition of Er-targets (%)

164

.A 162 166. ~167 168 179
16k, 0.1 2 62.7  20.6 7.9 6.4 2.3
166Er _ ! 0.1 9k.9 3.5 1.é ' 0.5

- Table 2
IFSummary of data on Os—isqtopes
Nuclide -  energy " half 1life a-branch
’ (MeV) (s) - (%)
172, 5.105%0.010 1942 -30;3
173953 h.9k $0.01 1625 - 0f02110-005
17k 476 to.Q;_ .. 455 0.020£0.00k

. Os.

- UCRL—19596'Y -
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Table 3

Qu-values in MeV

UCRL—19596.

experimental theory
this work Myersgzj Garvey->) zeldess’)
17205 5.255 | 5.189 6.36 5.206
1130g 5.075 5.018 5.83 4. 892
1o, 4895 4866 5.62 §.8k5
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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 representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to 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 employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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