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ABSTRACT
‘Five isotopesiof“mendelevium; With_massvnumbers'2h8 through 252, were
studied by means of Q-particle speetroscopy; Thevisotopes were produced by
bombarding .ulAm and 21‘3Am targets with 12C and 130 ions‘accelerated by the:
Berkeley HILAC.‘ The half lives of the nuclides and the energies of the main'i.

a-particle groups were observed to be:

2y 7t3sec  8.320.02 MeV

B 2u9Mqr' 2tk sec 8.03£0.02 MeV
25°Ma" '75216 sec o 7.75t0.02 MeV

2Ly 4.0t0.5 min  7.55:0.02 MeV

IZSZMd 2. 3i0.8 min no @ decay -

245 246

' 24
The a-particle energies of Es, Es, and 7Es, produced malnly by (HI,axm)

reactlons, were ueasured to be 7.73£0.02, 7. 36+o 03, and 7 31%0.03 MeV, respectively,
2h7

and the half life. of Es was found to be h 7+0.3 min. Exc1tation curves for
produc1ng the Md 1sotopes and some other actlvitles are presented. ~Estimates
for the EC branchlng of the Md isotopes are given. a-decay hindrance factors :
were calculated u51ng the epinflndependent equations ofvPreston. The O-decay

energy systematics of the mendelevium isotopes is discussed.



I. INTRODUCTION

The only study of light mendeleV1um 1sotopes W1th A<25h before the

238

present work,was done by Donets et. al.,l in 1965. By bombarding a U

target with l?Fvions they were able to produce and identify 252Md, which

decayed by'electron capture with a_half-1life of about 8 mih. They also established

the excitation function for the reaction 238U(19F, 7n)250Md by observing the

250. : : : 250

Fm, vhich was assumed to be formed mainly from Mi by electron
' 250 ‘

Md.

Q@ decay of .
capture. 'They did not report any decay characteristics for
 In the present work, five isotopes of mendeleviunb_ﬁith masses 248

throdgh 252, ﬁere observed and studied by means of a-particle spectroscopy.

The mess assignﬁents of the isotopes were.based on excitation-function measure-
ments, on orossetombardment‘techniques aod-on studies of geneticllinks to “
previously known'isotopes of Fm and Es. | |

245 '2h6

More precise values for the decay characteristics of Es, Es, and

2lﬂEs were also obtained as a by-product of the study of Md 1sotopes.

II. EXPERIMENTAL
243 '

An target were used in most of the bombardiments.

A T5-ug 2ulAm.and a hh-pg

Both targets were prepared by g molecular plating method and deposited on a
13

2. S—mg/cm ‘Be foil in an area of 0.18 cmz. Either lzé or ~C beams acceleratedr
by the Berkeley heavy ion.linear accelerator were used in most of the experiments.
Beams of 3-huA; measared as fully stripped ions, were typically passed:through

the targets. The energy’Of the lO;h MeV/nucleon particies waS’adjusted.by a
stack of Be ‘metal- f01l degraders and measured by a solld-state detector

'inferceptlng partlcles scattered from the target at an angle of 30 .

The reactlon recoils from the target were stopped in helium gas in a
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small chamber-nekt to the target. The rapidly"flowing’gas'then carried the
recoils through a small orifice into a rough vacuum to be collected on & vertically
mounted wheel.’ The _wheel was periodically rotated to place the collected
tranSmutation products next to a series of peripherally mounted SifAu surface-
barrier detectors in order to measure their a-particle spectra. There were
seven detector stations arranged’ equidistantly at hs intervals around the wheel.
At each detector station there were four detectors: two movable (parent)
detectors _which alternately faced the wheel, »Ia.nd' two sta.tionary (daughter)
detectors to alternately face the mother detectors when they were shuttled off
the wheel. By‘this.arrangement genetically'related.a'activities could bev |
separated from one another and detected at high efficiency. A schematic
representation of the arrangement of the 28 detectors around the vertical }
wheel and in each individual station '1s shown in the recent publication on
lawrencium isotopes by K. Eskola et. e.l..2 | ‘ |

a-decay events recorded by the detectors were amplified byimodular‘units
: developed invour.1aboratory;”processed by a PDP-9 computer and storedvon IBM
tape. The 512-channel a-particle spectra covered the range from 6 to 12 MeV.
Srontaneous~fission discriminators:were set to detect pulses greater thanv30_MeV
. in each detector..'Both_thevwheel-stepping and the shuttleAperiod'were independently
divided into four time subgroups of equal length. Besides the pulse height
and the event time, a detector identification signal, as well as signals indicating
the prevailing shuttle condition and pertinent time subgroup, were stored by
the computer. Data process1ng, such as spectrum fitting, normalizing the gain
~on the detectOrs, and.sorting of the~data was done off 11ne-by either the

PDP-9 or CDC-66OQ_computers;
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III. RESULTS
250”“:‘25]‘@ and 2224

In bombardments of the 2'Am target with

1.
' 13

C and C ions two new a

activities were observed: a'7;75-Mev; Sz-sec-actiyity'which was assigned

o zson and ad7;55-MeV,'h,O-min activity assigned'toizslMd. The CG-particle

spectra displayed’in Fig. 1 resultEd'from’a bombardmentrof 22+3Am target with
13 _ _ ,

88-MeV C ions and were recorded by the movable detectors when facing the

wheel. The SAMPO computer prOgram3 was used to determine the energies and
relative inten51ties of the a-particle groups. The To 136-Mev peak of 21h

and the Te h39-MeV peak aof 5"Fm were used for both shape.and energyzcalibration;

25 Md. has a complex a—particle spectrum with a prominent group at T.75 MeV
(~ 70%) and a smaller group at 7.82 MeV (~ 30%). The. 7. 55—MEV group belongs to

250

250, 2O i present in the spectra because the odd-odd 2°%a mainly

undergoes electron capture (EC)'and 250 recoils accumulate on the wheel and

on the detectors facing.thebwheel. The cross section for direct formation of

2305 is of theborder of 10% or less of the cross section for the,2h3Am(l3C,:6n)

ZSOMH reaction; Similarly, the appearance of 25z

252

Fm in the spectra is mainly
due to electron_capture.in Md. The other activ1ties (Cny cr) present. were
accumulated on the wheel-and on the detectors during earlier unrelated-bombard—
.ments or were 1nduced by a lead 1mpur1ty in the target (Po, Rn, Ra). The 6 63~
MeV peak is mainly due to ‘53Es contamination in -the measuring system.

-The spectra recorded by-the’same_detectors while not facing the wheel,
combined with. spectr“=fromvthe statiOnary detectors facinv'themyare shownvin
.Fig. 2. The spectrum recorded by the seventh station was omitted because of }
difficulties in lining up the spectra from different detectors.. The 6.757-MeV

250

246
peak of “77Cf and the 7 h39 MeV peak of Fm were used for shape and energy

calibration.
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In these "daughter spectra the 250 Fm peak appears to decay with the

same SO-sec half 1ife as the 7. 75-MeV peak in the parent" spectra (Fig. l)

confirming the assignment of the 7 75—MeV activity to 250

250

M, 2l"éEs, is not seen in the spectra because of the small Q

250 246

Md and "“Es. For the same reason neither the electron=-

Md. The CQ-decay
daughter of
branching of both

capture nor the d—decay,daughter of 5lMd— appears as & distinct peak in

the spectra: the Q branching of zlem is about l%k and that of 21W.Eie about
252, '

7%.5 ‘The 7.0h-MeV Fm peak is due to electron capture of Ssz.' Because

of the long half-life of 29%Fm most of the counts in 7.04-MeV peak originate

from ZSZMH produced in previous bombardments with ;30 ions. The decay curve
" of the 252Fm in daughter spectra combined from fcur bombardments with 72-88 MeV .

°C ions is plotted in Fig. 3. A value of 1k050 sec is derived for the half-

252

life of Md by‘a'leasteSQuares analysis;. This is considerably shcrter than:

the 8-min value reported by Donets et. al.™
.Further'eviaence_for_the suggested'mass assignments of Md isqtopes was -

furnished by excitation function studles. Fig. 4a shows the excitation”curves

derived from parent spectra and Fig. kb those from daaghtervspectra prodncedc

2430 with 13

in bombardments of C ions. The excitation curves in Fig. kb
have been corrected with geometry and time factors to‘make_them comparabie
with the curves in Fig. ba. The excitation function for the 7;55-Mevpactivity
reaches its maximum at ahout 78 MeV which is consistent.with the assumption
that the activity is produced by the h3A._(;3¢ Sn)zslﬁd.reaction.G.,Unfor_
tunately, no bombardments were performed with energies hlgher than 88 MeV. One

can only assume that-the excitatlon curve for the 7.75-MeV activity reaches
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its maximum at about 88 MeV which would be in agreement with Sikkeland's
celculations6 for the. 2&3 (13C, 6n )zson reaction. . The fact that in both

Fig. La and Fig. 4b the excitation curves for the 7. thMeV activity have the

sane shape and apparently reach their maxima at the same energy as the excitation
function for the 7. 75-MeV activity support the 3531gnment of the 7.hh-MeV activity
to the deughter»of the T7.75-MeV actlvity. ‘There were only two useful measure-
ments for the excitation curve of the 7.0h4MeV'daughter activity. In Fig. bb

the two points are presented as open circles. Thelr relatiﬁe‘values are
consistent with the parent activit& being produced by the‘2h3Am(l3C, hn)zsaMd
reaction. C

25OMd and 25lMd' were also produced by -

The & activities assigned to
o : 243, . . 12 L o .
bombarding a Am target with ~°C ions. The spectra were closely related
to those in Figs, 1l and 2. The main differences were the appearance of a . -
T.31-MeV activity in parent spectra and the almost complete disappearance
of the T.0k-MeV activity in daughter spectra. The latter was explained by

(12

the relatively small. cross section of the C, 3n) reaction at thls energye.

The 7.3--MeV activity_belonged to ZhTEs which was predominantly produced by
the (;zc,va hn) reaction.  Again, in daughter‘spectre the T.Ms-MeV activity
decay=2i witn the same apparent half-life as the T.75~MeV activity in parent
spec-rz indicating a parent-uaughter-relationship. |
Excitation curves for the activities in parent and daughter spectra

from oonbardments of h3

Am W1th C ions are presented in Fig. 5. . Black
circles mark the yield for the 7.55-Mev peak which has two sources.' The
excitation curve for the first activity contributing to the peak reaches its

maXimum at Tl MeV and supports the assumption that the activity is produced'
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249

by the ?u3Am( c, hn) SlMd reaction. The second activity is Fm produced

249,

both as the electron-capture daughter of Md end by the ( C, p5n) reaction.

The 7.75=- -MeV pesk is also composed of two activities. The excitation curve
for the first activity reaching 1ts maximum at 81 MeV is consistent with.v
the activity being pfoaﬁoed by.the (lZC, 5n) reaction. The shape of the
curve was taken from thevexcitation curve of the 7.44-MeV daughter activity
in Fig. 5b. Also, in Fig. 5a, the excitation curve for the 7;nu;Mev activity

has its maximum at 81 MeV. The behavior of these excitation curves is in

'accordance with the assignment of the T. 75rMeV, 52-sec activity to 250 .k

2ks

The second activity contrlbuting_to the 7.75—MEV peak is Es, the a-decay

deughter of the B.03-leV, 2h-sec activity assigned to 2'Md. The excitation

curve for the 8. O3-MeV activity reaches & maximum at about 91 MeV, which is

213

taken as evidence that the activity is a product of the Am( , 6n )2h9

reaction. In the daughter spectra there is a T.T3-MeV activity assigned

2L-LSES, which apparently deeays’with the same 24-sec half-life as the

ArL T

- 8.03-e¥ activity in parent spectra. As seen in Fig. 5b the excitation

curve Zor this activity also reaches its maximum at about 91 MeV and gives

fur<=z> troof for a parent—daaghter relationship between the 8.03-MeV and
the 7.7--¥eV activities. In Fig. 5a, the excitation curve for thEs has a

. ' ",
maxir:~ &t about 85 Mevg a value expected for the ( 2C, olkn) reaction.

The a-activities assigned to 25%a anda 2°'Ma were also produced by

bomba*ding a ZAOPu target with 15N ions; From data taken at only two

bombardment energies, we concluded that the T7.55-MeV, k-min aeactivity
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belongs to a heavier isotope of Md than the 7.75-MeV, 52-sec Q-activity. -

In our study of>Lr isotopes,2 tentative evidence was obtained for the

T«55-MeV, bemin a-activity to be the daughter of zser.

2. ‘ZHBMH and 2h9Md

In bombardments of the ZhlAm target with 12C ions two new @ activities

were observed: a 8.32-MeV, T-sec activity assigned to Zhst, and a 8.03-MeV,

zh-sec aétivity which was also observed in bombardments of 2u3Am with 12C ions

Zthd. The C-particle spectra displayed in Fig. 8

ZhlAm with 75 to. 91-MeV 120 ions and

and whiéh was aésignedvto
were combined from four bombardments of
were recorded by the movable detectors while facing the wheel. The energies

and relative intensities of thé a-particle groups were determined with the

3

help of the SAMPO computer program.~ The 7.136-MeV péak of ZlhRa and the 8.03-

249

MeV peak of the new isotope Md were used for shape calibration. The latter

‘peak was chosen because the other a-particle‘groups were either too weak or

had too strong a coﬁtribution from nearby G-particle groups. The energy value
2k9 ’

of 3.03-MeV for Md was chosen to give correct energies for the known Q- »

particle groups.

248 25

Md has a similar complex CQ-particle spec,trum as . OMd. Besides .

the 8.32-MeV main G-particls group (~ 75%) there is another group (~ 25%) at

) . . .
about 8.36 MeV. 248Fm is present in the spectra mainly as the electron-capture

245

daughter of 2u8Md. Tae T.73-MeV C-particle group is predominantly due to Es,

which is produced partly by the (lzC, alin) reaction and partly as the Q-decay

daughter of'2h9Md. A small fraction (<3%) of the T7.73-MeV a-particle group is

due to ZSOMH. The 7.36-MeV activity belongs to 2)"L6Es which is produced by the
r Pl « . '
(l“c, o3n) reaction. Most of the T.21-MeV 4uqu is produced directly in

bombardments, although some of it is present as a descendant
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of © "Md and Es. The longer-lived component in the T7.lk-MeV Q-particle
group belongs to,ahSCf, the EC daughter of 21"SEs. The origin of the other

a-particle groups was explained in the connection with Fig. l.
The combined spectra recorded by the same detectors as in Fig. 6 but in the

off-wheel position,and by the stationary detectors,fac1ng_them,are shown in

2k6

Fig. 7. The 6,757-MeV peak of . "Cf and the 7.87emev peak of 2!‘taFm were .used

for calibration. The 2*OFm pesk seems to decay with the same half-life as

the 8.32-MeV peak in the parent spectra (Fig. 6) suppdérting the aizignnent-of
2

2 v e ' 248,
the 8.32-MeV activity to hBMd.i The Q-decay d&ughter of ~ M4, Es, 1s not

seen in the spectra because it has been found to decey predominantly by electron

7 However; the granddaughter of 248Md, the T.21-MeV Zthf, is clearlyv

visible. It is mostly produced via 2hBygq EC 2485, O 2¥hr.  For 2*%a both the

Q-decay daughter, the TeT3-MeV ZhsEs, and thedelectron-cepture daughter, the

7.54-MeV Zthm; are seen in Fig. 7. Also the granddaughter of 2h9

‘2hSCf; is present in the spectra. 25oFm, the electron-cepture daughter of

capture.

Md, the T.lk-MeV

25944, has an apparent hal?-life of about 10 sec instead of 50 sec. This is

250

becaus= t:e Fm activity wasnmainly residue from previous experiments where
the wh=:zl-stepping intertei was 20 sec instead of 4 sec. | o
Tither support of the mass assignments given to the Md isotopes was
obtai-cd from excitation fﬁnction studies. ”The-excitation curves in Fig. 3é are for

the e~t;71ties in parent spectra and those in Fig. 8p- for the daughter activities

producsd in bombardments of hlAm with 12 C ions. In Fig. 8a the

excitetion curves for the 8.03- and 8.32-MeV activities reach their maxima

at about 72 and 81 MeV, respectiVely, which is consistent with the activities being

21;1

produced by A ( C hn ) Md and c, Sn)Zhst reactipns,6 respectively.

2k9

2bs Fm indicate that the 8.03-MeV

In Fig. 8b, the excitation curves for Es and

activity is a precursor for both of them, and the excitation curve for 2h8Fm
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éuppofts the parent-daughter relationship between the 8.32-MeV activity and
248 | 245

Fm. In Fig. 8a, the excitation curve for ~ “Es has been split into two
L 2hks_ : | 249
components, because = “Es is present both as the daughter of Md and as a

result of the (lzc, abin) reaction.The shape of the former component has been
assumed to be the same as that of the excitation curve for the 8.03-MeV"

activity. However, at the lowest.bombarding energy, 66.5 MeV, the 7.73-MeV

zson produced by thé'(lzé, 3n) reaction. At

25

activity is mainly due to

higher energies the contribution of OMd to»this component, is of thé order

of 10%. The second component reaching its maximum at about 85 MeV is in
accordance with the activity being produced by the (l?c, oin) reaction.

In thelr study of Es isotopes Mikheev et. a.l.,'5 reported the same Q-

particle energy value of T.33t0.03 MeV for both 2h6Es and 2h7ﬁ

s. In the
_ - ' . . 246 '
present work the Qa-particle enmergy of Es was measured to be T7.36+0.03 MeV

2b'7Es, 7.31$0.03 MeV. The activities were produced by 21‘1Am(lzc,

2h1Am(1z

and that_of

a3n)2u6Es and

C,_OZn)ZAIEs reactions. ' The 50-keV difference in energy
values made it possible to get separate excitation functions, presented in
Fig. 3, for these activities. The sepafation was done manually using the

shep=s =7 the T7.136-MeV ZIARa peak for shape calibration.

3. EalZ-life Information,

“Ze half-life of 252Md was dlscussed earlier in Sec. III-1l. The decay
curves Zor the other Md isotopes studied in this work are presented in Fig. " 9.
Open circles are used fof the parent Q activiiy to mark the number of cownts
at each of the seven deteétor stations recorded by the movable detectors whén .
faping the wheel; the closed circles for the daughter o activity-sﬁow |
the number of counts recorded by the same @etectors when in the off-wheel

position combined with the counts reqbrded by the stationary detectors facing
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“hamo. v-qe pareﬂ‘—daughter palr 1nvolved in each case is 1nd1cated on top
‘of eaxn section of’Fig. 9. In Fig. 9a the same,spectra as in Figs. 6 and T
ware used. By quadrants ofstheilzo—sec shuttie period, the daughter‘counts -
ers distributed as 53, 26, 8 and 3 giuing a half-life of ahx7 aec for the

geugnter. This half-1ife is somewhat shorter than the reported value of 38tk
8, 248

sec Ifor Fm. The data points in Fig. 99 are based on a series of bombardments
of 24l Am with 12C ions. The distr1but10n of daughter counts by quadrants of

:the 120-sec ahuttle period is hO, 29, 20 ‘and 16 which gives a half-life of
6535 sec for the Qaughterf -This half-life is in accordance with.the ‘reported
value’of l.33i0.15 min for ZESES. :The~decay curves in Figs. .9c and 9d are -
vased on bombardmenfs of-2h3Amlw1th lZC ions. In Fig.'9c.; the distributieu
of fhe,daughter counts.uy quadrants of the lzemin,shuttle period is 127,‘125,

93 and 93, which gives a daughter half-life of 1T7+12 min for the 30-min 25OFm.

Beceuse both the G-decay and the EC daughter of 2oLy mainly undergo EC themselvess’h

it was not posaible to obtain a daughter decay curve in Fig. 9d. From the
same spectra es used for Fige 9da half-life value of 'h.710.3.m1n wes derived
Por “7'zs. |

4. IZl:>-roax Cepture Branchlng Ratios

e erder to get estlmates for the EC branchlng of Md isotopea, it
WES :e:sssary to determine the transfer efficiency €r of the EC daughter atoms
onts Tis deuectors relatlve to that of the Q-decay recoils. ~This was done
'by compering the.ratio of ECedaughter counts in daughter and parent spectra
(D/DP)_: to the calculated ratio (D/DP)loo%’ where €r was assumed to be 100%

in Al oombardments, where the wheel was blased negatively by 10V relative

t0'the detectors, the value €r = 15% was obtalned for 2°°Fm recoils. In all,‘

2xy . " '
£n dombardments the‘wheel was biased positively by 10V but the timing conditions
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were such that the ratio (D/DP>160% cquld not be calculated accurately.

, N _ _
However, in an experiment,_where a 2 3Am target was bombarded by l3C ions and a

250

bias voltage of +10V was-applied, it was found that €r for Fm recoils

increased by & factor of two relative to the case of -10V bias voltage.

Accordingly, a value €r = 30% was assumed for the 22L8Fm recoils in 2hlAm

-

bombardments.

By comparing the:expgyiméntal ratio (D/P)EC with thé calculated ratio
(D/P)loo% (D =.nuﬁber of Fm-daughter counts in daughter spectra, P = number
of Md=-parent counts in parent spectra) and using thé values €r = 15% and

er = 30%, respectively, values of 94t3% and 80+10% were obtained for EC

250 248 2hg

branchings of "Md and Mi. The EC branchings of SlMd and Md could'not

be derived in the same fashion, because the Q-decay branchings of lem and

21+9Fm are small and poorly known (about 1% for Squ and unreported for 2h Fm).

However, coarse estimates can be made on the basis of observed reaction cross

sections. In Fig. la, the maxima of the excitation curves for 25lMd and ZSOMa.

correspond to absolute cross sections of 160nb and 50nb, respectively. By
compz=-z the ratio of these values to the ratio of measured (HI 5n)- and
. _ 9.2

(n' £- -»=szction cross secLions for Cf and Lr isotopes”’ 1t can be deduced

thet <22 =T branching of SlMd is about the same or higher than that of 250 Md.

If bow:z --otopes had the same EC branching of 94%, the cross sectlion of 2I‘L3Am
(130, 32 5lMd reaction would be 2.7 pb and that of 2l‘tBAm(l?’C 6n )25 Md reaction
2h9 248

0.76 ub. A similar comparlson between the cross sections for Md end M3

in Fig. &a and the measured (HI, 4n)- and (HI, 5n)-reaction cross sections for

Cf and No isotopes9’lo leads to a égnclusion that the EC branching of 349Md

‘is about the same or less than that of Zh8Md. If the EC branching were the

2b1, (X%, n )2h9

sane (80%) for both iéotopes, the cross section of Md reaction
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| ' by 12
would be O.42 pub and that of 2 1 m(

c, Sn)ZhaMd reaction 0.07 ub. With the above
assnmptions,.in bombardments of a Zh3Am target with 126 yons (Fig. Sa) the
cross sections for kn, 5n, and 6n reactions would be.2.8, 1.4, and 0.55 ub,
respectively. |

On the basis afthe excitation functions ‘shown in Fig. 8 1t 1s possible to get
an estimate for the EC branching of ll'slils. If hsEs did not decay by EC at all,
the maxima of the excitation curves of 2h9M'd-in Eig..Sa.and ZhsEs.in‘Eig;'Bb
should have the same value. Since the maximum value afthe‘?hsEs excitation curve is
about 40% of the manimum value of the 2u9Md excitation curve, the EC branching

2L"SES is about 60% This is considerably smaller then the value 83i % reported

by Mikheev et. al.s

'IV. DISCUSSION
The experimental resultssobtainednin this study are'summariied in Table
I. The half-life values ere mostly averages from several bombardments or

series of bombardments. In each ease the half-life was determined by a

least-squares analysis, with error limits set equal to twice the standard

'def e=:on of the fit. Thus the error estimates for the half-lives given in

Tablzs I zre consistent with each other. The contribution of systematic errors
was Zi7Zizult to estimate, but it was expected to be small compared to that of
statiszizzl errors. In the case of the G-particle energies the uncertainty is

»mostly czused by celibration errors. . The peaks used for calibration were mentioned
in conreztion with each spectrum in Section ITI. Equalizing the gains and ‘
thresnolds in oll of the 28 detectors was done prior to_anvexperiment.using
pulse generators calibrated by the 6.64L0-MeV a—narticle group of 253Es samples;
Further gain matbhing,of,the spectra was done during the data handling phase of the

CDC 6600 computer using Paatero's method.11
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The a-decay hindrénce factors were caiculated using the spin-independent
(4=0) equations of Preston.12 This formalism was chosen because it is widely
used and thus facilitates the comparisons with hindrance factors calculated
by others. The radius parameter R was chosen to decrease from 9.45 fm for -
2h8Md, in 0.0S-fm decremente, to 9.30 fm for SlMd. The choice was based on
‘the general'trend among.the.R valdes for even-even Cf and Fm O-emitters with
neutron number 1ese than.152; In the hindrance factor calcﬁlatione the values

249 and 27w, respectively,

80% and 94% were used for the EC branchings of
_The hindrance factors of the'mein o-particle groups of 2u9ma, 25°Md, and 224w
indicate that the transitions are favored.

a-decay energiee of the heaviest elements as a function of neutron
number are plotted in Fié.'lb._'This figure ﬁas alreedjvpresented,in our
.paper'on‘Lr isot-opes.2 The present data on O-decay energles of Md isotopes
wefe previewed in that paper end some systematic features were indiceted. In
Fig. 10, tne black circlesveither correspond to the most energetic known Q-
13

particle group or mark-the va1ues estimated by wanstra et al.™™ with errors
‘less <zes LO keV, the open circles mark estimated values based on systematics
(cf. Tiz. & in Ref. 13). For Md isotopes both the experimental and the
estir=<z3i values have been plotted to show that the observed Q-decay energies
are cizs’stently lower than the estimated,ones by some‘300 keV. The only.

. exceptions are 255Md, where a y-ray of energy 430tho keV was identified in

256

coincidence with the main a~particle grou.p,llL and Mﬂ, where a weak -

partic le group has been observed with an energy that agrees with the estimate.15
This paenomenon can be understood in terms of thevsingle-particle level scheme
of Nilsson.et. al.l6 vAocording to_the scheme there is a fairly large gap
between the»7/2- [5144] state available for the 10lst proton and the 7/2+ [6331]

state available for the 99th proton. Q-decay from the 7/2" [514i¢] state, the
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predicted ground state of odd Md isotopes, to the T/27[633t] state, the ground .

state of off Es isofopes, is greatly hindered because of a change of both

parity and relative orientation of the projection ef intrinsic spin.17 There-

fore *he favored alpha decay from the 7/27[51ki] state of Md to the same.state
in Es is mich preferredieven if the3level‘in the latter lies severel.hundreds:
of keV above the-ground‘gtéte. E

Log-ft'vaJUes of tne EC'tranSitions can be estimated by using the

observed half-life values and the EC-decay energies from the- binding-energy

systematics of Wapstra et. al. 3 for a5z Md, zslMd and 250 Md, and extrapolated

values for h9Md and ZhBMd. The log-ft values between b, 5 and S.4 vhich were

obtained for these isotopes are unnusually low for the heavy element reglon
and thus_difficult to explain in terms of the_single-particle level scheme ofy
Nilsson et. al. |

I am greatly indebted to my colleagues Albert Ghiorso, Matti Nurmia,
and Kari Eskola for their kind and extensive cooperation in carrying out the
experiments., Also, I want to express my'appreciation of the expert help

glve: o7 the HILAC CcCrev.
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Table I. Summary of experimental results.

_EC

_ a-particle a-decay _
Half-life energy Intensity a+EC hindrance  Ways of production
(MeV) (%) (%) factor = '
2h8,. Tt3 sec 8.32£0.02 ~T5 8010 22 by, o, 12,
8.36+0.03 ~25 88 |
21}9Md | 2htl sec ‘ _8.035__“0.02-' 100 <5 . ' 21”"Am + 120
' 12h3Am + 12, |
% . 52¢6 sec 7.75£0.02 ~TO 9ht3 b 2h0p, + Ly,
- 7.82£0.03 ~30 S 18 ' 2l+1Am + 160 |
2h3, 12, 3¢ o
o
25hy 4.0£0.5 min  7.55:0.02 100 > 2 2ho, -, 15 |
2h3pn 4 120, 13¢
- 28y 2.3t0.8 min
24oes T.73:0.02 100 60t10 ?%m + T
2hogs 7.36£0.03 100 2y + 2
2hTpg " 4.7+0.3 min 7.31£0.03 100 _zylAm + 12
' 23, , 12,
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FIGURE CAPTIONS

2h3Am with

t-‘-,
[

&
*
'._J

A series of anafticlé spectra produced by a bombafdment of
.130 ioné; Thevindividpai spectra show the total of counts recorded
at each of the seven stations by the two movable detectors when facing
 the vheel. The-éum of'thé seven spectra is plpttéd.topmost. These
spectra are called the "parent" spectra. The wheel-stepping intérval,
ﬁhe integrated.beﬁm readiné, and the.bombardmentvenergy are indiqated'
in the figure. o | |
Figf 2 A series of.a-particie_spectra resulting fjom.the same bombardment of
2“3Am with 13C ions as thé spectra ih'Fig. 1, but‘recorded by the
detectdrs in the off-wheel position ("daughter" spectra).b The arrange-
ment 6f the specfra aﬁd the data pertinentito the bombardment correspond
to those in Fig. 1. vThe seventh station was léft out because of problems
;in adjusting the energy scale.

' ' : . . 2
Fig. 3 Decay of the T7.OL-MeV a-particle group of >

%Fm 1n "daughter" spectra
. 243 A 13, .

combined from four bombardments of Am with 72-88 MeV ~~C ions.

The error bars indicate an uncertainty'of-dne:standard deviation.

Fig. - Zxcitation curves for some activities pxoduced.in bombardments of'2h3Am

wish 130 ions. The upper part displays the exéitation curves for the
zszivities in "parentﬁ~spectra and the lower parﬁ those for the
ectivities in "daughter" spectra. The cﬁrves in Fig. 4b have been
| correctedlfor geomgtry and time factofs to maké them comparable with
the éurves ih Fig. ba. The error-bars indicate an uncertainty of one
standard'devigtion; where no error bars are markéd_the uncertainty is:
" close tb‘the size of the point showihé the exﬁerimental result.
Fig. 5 Excitation curves for some activittes produced in the bombardments of

2u3Am'w1th 120 ions, For further details see the caption of Fig. k.-



Fig.' 6

Fig. 7

Fig. 8

 Fig. 9

- Fig. 10

dDecay curves for a-decay of M, M4,

.18 -

A serfes of a-particle'"parent" spectra produced by bombardments of

2h"lAm with 12 C ions. Both the arrangement of the spectra and the data

pertinent to the bombardments correspond to those ‘in Fig. 1.

A series of a-particle_"daughter spectra resulting from the same
bombazdments of ZhlAm viith 120 jons as the "parent spectra in Fig. 6.
Both the arrangement of thé. spectra and the data pertinent to the
bombardment correspond to those in Fig. 1.

Excitation curves. for some activities produced in the bombardments of

1: _ .
2M‘Am with 2C ions. For further details see'thefcaption of Fig. k.

248y, 249 zsoﬂd, and 2511\'1d:i.n "parenté
spectra and thelr daughter activities in corresponding daughter
spectra, The parent-daughter pair envolved in each case is written
on top of each section._VOpen circles denote the parent activity,_
black circles the'daughter a-activity. , | |

a-decay energy as 8 function of neutron number. The black circles
either correspond to the highest known a-particle group or mark thel
13

values_estimated oy Wapstra et.pal. with errors less than 40 kev;

ke open circles mark estimated values based on systematics (cf. Fig.

-~ in Ref. 13).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the

United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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