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" ABSTRACT

Five isotopes of mendelevium, with mass numbers 248 through 252, were

»_studied by.meanS»of‘a-particle spectroscopy. The isotopes were prodnced by

bombarding 2'ulAm{za.nd. 2'-3.Am targets with 12C and 130 ions accelerated by the

 Berkeley HILAC. The half-lives of the nuclides and the energies of the main

a-particle grbups were observed to be: -

2By 3 sec. © 8.32t0.02 MeV
12u9Md O 2lsh see ' 8.03+0.02 MeV
20 5pt6 sec | T7.75:0.02 Mev

2w L.ot0.5min 7.55£0.02 Mev
ZSZMd 2.3%0.8 min ..no « deCay

45

The O~particle energies of 2 Es,_2h6Es, and 2 7Es, produced mainly by (HI,qxn)

reacfions, were measured to be 7.73i0.02, 7.36iQ;O3,'andv7,3lt0.03'MEV, respectively,
2h7Es was found to be k. 7+0.3 min. Exciﬁation»curves for
producing the Md isotopes and some other activitiés arevpresented. Estimatés
for the‘EC branching of‘the:Md_isotopes are given. _a-decay-hindrance factors

were calculated using the spinéindependent equations of Preston. The G-~decay

'energy‘systematics_of the'méndelevium isotopes ié discussed.



I. INTRODUCTION

The only study of light mendelev1um 1sotopes with A<25k4, before the.

present work was done by Donets et. al.. l in 1965.' By bombarding a 238U

target with 9F ions they were able to;produce and identify 252Md, which.

decayed by electron capture with"adhalf-life of about 8 min. They also established

the' exc‘itation function for the reaction U( F 7n)250Md by observlng the

250 250,

Fm, Wthh was assumed to be formed mainly from

250
capture. They aid not report any decay characterlstlcs for S-Mdr

a decay of Md by electron

‘In the present work, five isotopes of mendelev1um, vith msses 2&8

. through 252, were,observed.and,studled by means of a-part;cle spectroscopy.

' The mass assignments. of the isotopes were based on excitation-functionvmeasurer :

ments, on cross-bombardment technidues and on studies of genetic .links to

previously known isotopes of Fm and Es. ,
| e - e k5 2k
More precise values for the decay characteristics of Es, Es, and

_247Es'were‘elso obtained as a by-product of the study of Md isotopes.

TI. EXPERIMENTAL
243

Am target were used in most of the bombariments.

- A‘75-ug12ulAm and a bl-ug

Both targets were prepared by the molecular plating method and deposited on a
.zoS-ﬁg/cmz Be foil in an area of 0.18 em’. Either “2C or T3¢ beams accelerated -
by the Berkeiey heavy ion linear accelerator were used in most of the experiments.v
Beams‘of;3-huA,“measnred es fully stripped ions were typically passed through
the targets. The energy of the lO 4 MeV/nucleon partlcles was adJusted by a’

aeh of Be metal foil degraders and measured by a solld-state detector

intercepting particles scattered from the target_at an.angle of 30 .

The reaction recoils from the target were stOpped in helium gas_in'a



-2 -

' small'Chamber next to the'target. The rapidly'flowing‘gaS'then carried‘the_‘

recoils through a small orifice into a rough vaéuumvto be'collected on a vertically

_mounted vheel. . The wheel was periodically rotated to place the collected

| transmutation products next to a series of peripherally mounted Si-Au 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: twe mbvable (parenf)_
detectors which:alterﬁately faced'the wheel, and two'stationary (daughter)
detectors to alternately face ‘the mother detectors when they were shuttled off

' the wheel. By this arrangement genetically related o activities could be

} separated"from.one another and detected. at high eff iciency. 'A schematic
_representation-of'the‘arrangement of the‘28'detectors around the vertical

wheel and in each individual station 1s shown.in thevrecent publication on
lawrencium isotopes by K. Eskola et. al.zi |

a-decay events recorded,by the detectors were amplified.by modular units

vdeveloped in our laboratory, processed by a PDP-9° computer and stored on IBM

tape. The 512-channel a-particle spectra covered the range from 6 to 12 MeV.
SpOntaneous-fission discriminators were set to detect pulses greater than 30 MeV

Vin each detector.- Both the wheel-stepping and the shuttle period were independently

leVIded into four time subgroups of equal length. Bes1des the pulse height

and_the event time, avdetector identification s1gnal,nas Vell asisignals:indicating

,the prevailing shuttle condition and;pertinent time»subgrOup, vere.stored hy

the'computer. Data processing, such as spectrum fitting,_normalizing the gain

on the detectors, and sorting of the data was done oif line by either the

PDP-9 or crc-6600 computers.




IITI. RESULTS

L. 20y, 25001 ana 2%
| 2L3

In bombardments of the = ~Am target with 13

C and 12, ions two new O
activities were Observed: a 7.75~MeV, 52-sec activity which was assignedv
ZSOMd‘and a 7.55-MeV, 4.0-min activity assigned to zslMd. The Q-particle

spectra displayed in Fig. 1 resulted'ffom'a‘bombardmeht of 2h3Am target with

88-MeV 130 ious and were recorded hy the movable detectors when facihg the
wheel. The SAMPO computer programg'was used to determine the energies and

relative iﬂtenSities of the a-particle groups. The T.136-MeV peak‘ofvglhRa

25Q

and the. 7. h39émev peak of .'Fm'weie;used:for both shape and energyzcalibration.

250 Md has a complex a-particle spectrum‘with a promlnent group at Te. 75 MeV

(~ 70%) and & smaller group at 7.82 MeV (~ 30%). The 7.55-MeV group belongs to

zslMd. Fm is present in the spectra because the odd-odd 5O.Md mainly

250

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

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

250Fm is‘of.the order of 10% of_less of the cross section for the 2u3Am(130; 6n)

ZSOMH reaction;' Similarly, the appearance of 25z

252

Fm in the spectra is mainly
due to electron capture_in Md. The other activities (Cnb_Cf) present,were
accumulated on the wheel and on the detectors quring earlier unrelated bomberdéx
ments or were 1nduced by a lead impurity in the target (Po, Rn, Ra). The 6.63-
MeV peak is mainly due to 53Es contaminatlon in the measuring system.

The spectra recorded by the same detectors while not facing the wheei
comblned w1th spectra from the stationary detectors facing them,are shown in
Fig. 2. The spectrum recorded by the seventh station was omltted because of
difficulties in lining up the spectra from different detectors. The 6;757-MeV '

2&6 250

peak of Cf and the 7.439-MeV peak of Fm were used for shape and energy

calibratlon.
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" In these‘ daughter spectra the 250 Fm peak appears to decay with the
same 50-sec half life as the T 75-MeV peak in the "parent spectra (Fig. l)

conflrmlng the assignment of the T.75-MeV activity tolzson. The O-decay ' e
daughter-ofvzson; 21+6Es, is not seen in the spectra because of the small a
250 2L6

Md and Es. For the same reason neither the electron-

branchlng of both
capture nor the a-decay daughter of 5lMd does’ appear as a dlstlnct peak in
the-spectra: the:a'branching of 221y is about 1% ‘and thathOf u7Es about
7%V5 'The'7 OhAMe§ zstm peak is due to electron capture ‘of Ssz. Because

of the long half-1life of 52Fm most of the counts in 7,0h—MeV'peak'Originate

. from 252 Md produCed in previOusfbombardments with 13C,ions. The decay curve -
of the‘zstm'in daughter spectra combined from four bombardments with 72-88 MeV
13

C ions 1s plotted in Fig. 3.. A value of 140%50 sec is derived for the half- 5
life of 27%Mg hy‘a least—squares analysis.‘ This is considerably shorter than
the 8-m1n value reported by Donets et. al.

Further evidence for the suggested mass a551gnments of Ma 1osotopes was

furnished by excitation function studies. Fig. 4a shows the excitation curves

derived from parent spectra and Fig. 4b those from daughter spectra produced

243 -

in bombardments-of Am with 13C ions. The excitation curves in Fig. 4b

dhave been corrected with geometry and tlme factors to make them comparable
'w1th the curves. in Fig. ha. The exc1tat10n functlon for’the 7.55—MeV act1v1ty
reaches its ma.xi mam at about 78 MeV which is con51stent with the assumption

2h3Am (130 5n)251Mdrreact10n.6 Unfor-

that thevactiyity is produced.by the
tunately, no bombardments were performed.w1th energies higher than 88 MeV. One v

can only assume that the excitation curve for the 7.75-MeV activity reaches
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its maximum at about 88 MeV which would be in agreement with kakeland s

zu3 e 6 )25

calculations6 tor'the Md reaction.. The fact that in both

Fig. ba and Fig. kb the excitation curves for the T.MA-MeV activity nave the

same shape and apparently reach their maxima at the same energy as the excitation

_function for the 7 75-Meractivity support the assignment of the T. hh-MeV acticity

to the daughter of the 7 75 MeV activity. There were only two useful measure—

ments’ for the excitation curve of the 7 Oh MeV daughter activ1ty. In Fig. hb
the_two points,are presented as cpen circles. Their relative values are

| conSistent with the parent activity being produCed by the Am(13c, kn )252

: reaction; | | | _ o

" The a activities essigned to 2°0Md and 25044 wvere also produced by

bombarding & 2A3Ahvtarget with “°C ions. The parent and daughter a-particle

spectra resulting.from anbonbardment withi77—MeV 12C ions.are_displayed in

.Figs. 5 and 6. The shape and energy calibration was done using the same peaks
as for the spectra in Figs. 1 and 2. In Fig.16 the spectrum'recorded by the

- seventh station‘was left out for the same reason as in'Fig. 2. The spectra

in Figs, 5van3.6 are closely related to the spectra in'Figs.‘l and'2,
respectively. The main differences'are'the appearance'of a T 314MeV activity

1n parent spectra and the almost complete disappearance of the 7. Ok—MeV act1v1ty

lin ‘daughter spectra. The latter is explained by the relatively small cross

(12

section of the c, 3n) reaction at this energy. The 7 31-Mev activ1ty belongs

to 2h7 Es which is predominantly produced by the ( C a hn) reaction. Again,

in Fig. 6, the 7 hhrMeV act1v1ty decays with the same apparent half life as
thev7o75-MeV act1v1ty in Fig. 5 1nd1cating a_parent—daughter relatlonship.
‘Excitation curves for the activities in parent and daughter spectra

243

: ' : , 1z : : ' ‘
from bombardments of Am with =~ C ions are presented in Fig. 7. -The excitation °
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curve for the 7 55 MeV act1v1ty cons1sts of two components | The first COmponent
reaches its maxlmum at 71 MeV and supports the assumptlon thatvthe actlvity
‘is produced by the 2h3Am(120, 4n)251Md reaction. The second part arises from
2u917‘m which is produced both as the electron- capture daughter of M9Md and
by the ( C, pSn) reactlon. The exc1tation‘curve for the T.T75-MeV activity
canfaiso‘be resolved into two components. The first compohent reachingvits |
maximm at 81 MeV is consistent_with the actiﬁity being pioduced_by thé tl?cl 5n)
reaction.'_The'shape of'the:curve was ‘taken from the ekcitation curve of the- -
7.43-Mav daughter activity i.nvFig. 7'br. ‘Also, in Fig. 7a; the excitation curve
for the 7. hh-NEV'actitity has its maximm at Si'Mev. The'behavior of these
exc1tation curves is in accordance with the assignment of the 7. 75-MeV 52-sec

activity to zson  The second component of the excitation curve for the T. 75-MEV

actiﬁity is due to 245

24913, This 8.03-MeV activity is not seen in Fig. 5 but appears in .

Es, the Qt,decay daughter of the 8.03-MeV, 2h-sec activity
assigned to |
bombardments with.higher 126 pean energies.' Tts excitation curve reaches a
_maximum at about 91 MeV, which is taken as evidence that the activify is a
vproduct of the 21BA (120, 6n )2h9Md reactlon.A In the daughter spectra there is |

zllLS.Es;which apparently decays with the same

a T.73-MeV activity_assigned to
2k-sec half-life as the 8.03-MeV activity in parent spectra. As seen iu"Fig.: To
the excitatioh curve for this_actitity also reaches itstﬁaximum at about 91 MeV .
ahd gives further proof for 8 pareht-daughter-relationship between the 8.03-MeV
'and the T7.73-MeV act1v1t1es. Ih Fié° 7a .the excitation‘curve for ?h7Es has”a
maximm at abOut 85 MeV, a value expected for the ( C ahn) reactlon

The a-actiyities assigned to 250 Md and SlMd were also produced by .

0 S -
bombarding a 2& Pu target with 15N ions. Because just two different bombardment-

,energies'Were.used ohe' can only conclude that the 7.55-MeV, L-min aeactivity
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belongs to a heavier isotope of Md than ﬁhe 7.75-MeV,e5245ec G-activitye.

"In our study of Lr isotopes,2 tentative evidence?#as obtained for the

'7,55-Mev; 4-min G-activity to be the daughter of B35,
248 '49 |

2. M4 and M4 _
In bombardments of the Am target with — C ions two new & activities
were observed: a'8.32-Mev,.7-séc aetivity_assigned to Zhst, and a 8.03-MeV,

" 24-sec activity which was also observed in bombardments of 2h3Am,with.lZC ions

. and which was assigned ‘co'z-1L9 . - The a-particle'spectra-displayed in Fig. 8

were combined from four bombardments of 24y with 75 to 91-MeV 12C ions and
were recorded by the movable detectors while facing the wheel. The energles

and relative 1ntensities ‘'of the a-particle groups were determined with the

help of the SAMPO computer program. 3

249

Md were used for shape calibration. The latter

The 7.136-MeV peak of lILRa and the 8.03-
MeV peak of the new isotope
peak was chosen because the other G-particle groups were either too wesak or .

had too strong.a'contributien from nearby Q=-particle groups. . The energy value

249

of 8.03-MeV for Md was chosen to give'cbrrect energies for the known Q-

particle_groupsrb

2148 | | | 250

M3 has a similar complex Q-particle spectrum.as -7 Md. BesideS'

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

"
about 8.36 MeV. 2 8Fm is present_in the spectra malnly as the electronecapture

daughter of ABMd. The T.73~ MeV a-partlcle group is predominantly due. to ZASES,

(12

whlch is produced partly by the C, ahn) rnactlon and partly as the a-decay '

daughter of 249y, . A_smail fraction (<3%) of the 7.73-Mev a-particle group is

due tO‘ZSO M3. The 7.36-MeV activity belongs to ?u6Es whieh is produced‘by the-

(l C, a3n) reaction. Most of the 1.21-MeV Zuqu is produced directly in

bembardments; although some of it is present as deecendant



.-

f zust and zqus.v The longer-lived component in the 7 lh-MeV a-partlcle

. B 2)
group belongs to 5Cf the EC daughter of 21"5Es. The origin of the other

| O%particle groups was explained in- the connection of Fig. l. _
| The combined spectra recorded by the same detectors as in Fig. 8 but in the
, off-wheel~pqsition,and'by the stationary detectors facing them,are shown in
Fig. 9. Tae 6. 757-MeV peak of 2“6Cf and the T. 87-Mev peak of 2“8Fm were used
for calibration. The 21+8Fm peak seems to decay with the same half life as

the 8. 32-MeV peak in the parent spectra (Fig. 8) supporting the assignnent of

oo2h8,, 248 24k
the 8.32-Mev activity to . The ~decay daughter of Md, »Es, is not
" seen in'the'Spectra because it has been found.to decay predominantly by electron
: T ‘ : ’ 248 24k L
capture. However, the granddaughter of M, the Te Zl-MeV -Cf, is clearly
visible. Tt is mostly produced via 2*oua E5.2+8py 2 Zkoe. por 2¥%a both the
a-decay daughter;‘the T.T73-MeV zhsEs;'and the electron-capture daughter, the

: _ o . 2 _ :
To5h-MeV 2""9F1n, are seen in Fig. 9. Also the granddaughter of 49Md, the T.lhk=MeV

ZASCf,'is present in the spectra. 250F-m,-the-electron'—capture daughter of

20y, has an apparent half- life of about 10 sec instead of 50 sec. This is

250,

because thef Fm- activity was mainly residue from previous experiments where

the wheel-stepping interval was 20 sec instead of 4 sec.

Further support of the mass assignments given to the Md isotopes was -

obtained from excitation function studies. “The. excitation curves in Fig. 10a are for

the activities in parent spectra and those in Fig. 10b for the daughter activities

produced in bombardments of ulAm with 12 C 1ons. The fact that in Fig. 10a the

excitation curves for the 8. 03- and 8. 32 MeV activities reach their maxima

at about 72 and 81 MeV, respectively, is consistent with the activ1ties being

: 2# Zhl 12
produced by ( C 4 ) 9 m(~"C, 5n ) Md reactions,6 respectively.

. - Co2hs 2k
In Fig AlOb the exc1tation curves for . 5Es and 2 9Fm 1ndicate that tne 8. 03 MeV

,activ1ty is a precursor for both of them, and the exc1tation curve for 248Fm
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'and that'of

a3n)2 Es and

-9 -

supports the parent-daughter relationship between the 8.32-MeV activity and

248 o . o 2ks

Fm. In Fig. 10a, the excitation curve for = “Es hasdbeen splitrinto two
o : 2bs o | 2kg ,
components,-because Es 1is present both as the daughter of Md and &s &

result of the ( C a%n) reactlon The shape of the former component ‘has been

E assumed to be the same as that of the excltatlon curve for the 8. O3-MeV

, actlvity. HOWEVEr, at the lowest bombarding energy, 66 5 MeVG the 7. 73-MeV

250

activity 1is mainly due to 2°°ma produced by the’ (*2¢, 3n) reactlon.' At

hlgher energies the contribution 0f‘25 Md to thls component is of the order

: of‘lo%. The second component reaching its meximum at.about 85 MeV is in

accordance with the ‘activity being produced by the ( C, akn) reaction.

In their study of Es isotopes Mikheev et. al.,5-reported the-same Qe

particle energy value of 7.33t0.03 MeV for both ?u6Es and 2b'?Es. In the =

present work the a—particle energy of 245Es was measured to be 7.36i0~03‘MeV v

2h7ES: 7.31%0.03 MeV. The activities_were produced by’ 24y (12

Zhl (lzC, Q2n) ks reactions. The 50-keV difference in energy

o Values made it possible to get separate excitation functions; presented in

,Fig.-loa,’forithese'activities. The separation was done manually using the

shape of the,7;l36-MeV 2lhRa peak for shape calibratior.

3. Half-Life Information

ZSZMH was discussed earlier in Sec. III—l,' The decay'

TheAhalf-life-of
curves for the other Md isotOpes studied in this work are presented in Flg. 11l.

Open c1rcles are used for the parent Q. actlvity to mark the number of counts

. at_each ofvthe seven detector stations recorded by the movable detectors when

facing the wheel; the closed circles for the daughter @ activity show
the number,ofVCOunts recorded by the same detectors. when in the of f-wheel

position combined with the counts recorded by the stationary detectors facing
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them. The parent daughter pair: 1nvolved in each case- 1s 1nd1cated on top

of each sectlon of Fig. 11. 1In Flg. lla the same spectra as in Flgs._8 and 9
Were‘used;v By quadrants of the 120-sec shuttle period, the daughter counts

- are distributed as 53, 26, 8 and 3 giving a half-life of 24+7 sec for the

daughter. This half- life 15 somewhat shorter than the reported value of 38—&
248

’for Fm.' The data points in Fig..llb are based.on a series of bombardments -

h Am with 2C ions. The distribution of'daughter counts by quadrants of

the 120-sec shuttle period is 40, 29, 20, and 16, which gives a half-life of

65i35 sec for the daughter. This nalf-life is in accordance with the reported

245

value of -1.33%0. 15 min5 for Es. The decay curves in Figs. llc and 114 are

based on bombardments of 2h3Am with 2C ions. 1In Fig. llc, the distribution
“of the daughter counts by'quadrants of the 12-min shuttle periOd is 127, 125,

.93 and 93, which gives a daughter half-life of 17+12 mln for the 30-min 350Fm.

Because both the Q~decay and the EC daughter of 51Md malnly undergo EC themselves”’

it was not possible to -obtain a daughter decay curve in Flg. lld. From the

same spectra as used.for»Fig. 114 a half-life value of h.7io.3 mln_wassderived

for “*lEs. .

4, Electron.Capture Branching Ratios

In onder to get estimates for the EC branching of Md isotopes, it
was necessaryfto‘determine the transfer"efficiency €r ofvthe EC daughter atoms
onto the detectors reiative to that of the a—decay recoils. ‘This was done
by comparing the ratlo of EC-daughter counts in daughter and parent spectra
(D/DP)Ec to the calculated ratio (D/DP)1007, ‘Where €r was assumed to be 100%;

243

In Am bombardments, where the wheel was biased negatively by 10V relative

to the detectors, the value €r = 15% was obtained for'zsoFm recoils. In all
241 | | | |

[

r

Am bombardments the whéel was biased positively_by'lOV-but the timing conditions




same (80%) -for both isotopes, the cross section of

- 11 -

were such that the ratio (D/DP)1067:Couid not be calculated accurately.
, o . ,
243

_ . o _ / _ o ] ,
" However, in an experiment, where a TAm target was bombarded by -30 ions and a

bias voltage of +10V was applied, it was found that €r for .5 Fm recoils

increased by a'factor of two relative to the case of -1OV bias voltage.'
‘ e 2ug_ - - o .2k
Accordingly, 8 value €r = 30% was assumed for the Fm recoils in Am
bombardments. ,
By comparing the experimental ratio (D/P) Vith_the-calculated ratio

(D/P)ioo% (D= number of Fm-daughter counts in daughter spectra, P = number

~ of Md-parent&counts in parentrspectra) and using the values €r = 15% and

- €r = 30%,: respectively, values of 9&-3% and 80+10% were obtained for EC

branchings of Md and 2h8Md.: The EC branchings of 51Md and A9Md couid not

be derived in the same fashion,‘because the a-decay branchings of zlem:ahd

Zthm are small and poorly knoWn'(aboﬁt'l% for zlemF and unrepbrted for J+9Fm)'

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

sections. In Fig. ba, the maxima of the excitation curves for SlMd and 25

‘correspond to absolute cross sections of 160nb 'and SOnb, respectively. By

comparing the ratio of these values to the ratio of measured (HI,5n)- and

9,2

(HI 6n)-reaction cross sections for Cf'and Lr isotopes it can be deduced

hat the EC branching of 51Md is about the same or higher than that of SOME.
If both isotopes had the same EC branching of 94%, the cross section of 2)"'3.1-\.111 |

(l3c, 5n) 5;Md reaction would be 2.7 ub and that of 2LL?’Am(l‘T”C, 6n)25'Md‘reaction
0.76 pb. A similar comparison between the cIoss»sections for:Zh9Md'and'2u8Md
in Fig. 10a ehd.the measuredv(HI, In)- and (HI, 5n)-reaction cross sections for

Ccf and:No isotopesg’lq leads to a conclusion that the EC branching of 2LL9Md‘

is ‘about the same or less than that of,248Md; If the EC branching were the

2h1 249

Md reaction

Am ( c kn)
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12 - '
zllLlAm( c, 5n)2h8Md reaction 0.07 ub. With the above

would be 0.42 ub -and that of
' R ' - 2L3 12
assumptions, in bombardments of a Am target with ~C 1ons_(F1g._7a) the
cross sections for in, 5n, and 6n reactions would be 2.8, 1.4, and 0.55 ub,
. respectively.
. On- the basis of the excitation functions ‘shown in'Fig; lO‘it’is possible to get

L _ - N :
an estimate for the EC branching of_anEs. If 2 5Es did not decay by EC at all,

the maxima of the excitation curvesof.2h9Md in Eig. 10a and 2-’4‘5.Es in Fig. 10b .
should have the same valﬁe. Since the maximum value of the 245ES excitation curve is

2k9g

about 40% of the maximum value of the ~ “Md excitation curve, the EC branching

"zuSEs-is'abouﬁ 60%. This is considerably smaller than the value 83tg% reported

 by'Mikheev~et. al.s

IV; DISCUSSION

The'experimental:regults dbtained‘in this study‘are‘éummérized in Table
I. The half-iife ﬁélués are moétlyiaveréges from several bombardments or
seriés'of bombérdmenté.' Tn each casé:the.half-iife vas déterﬁihed.by a
1east;squares'anaiysis, with error limits set eéual to #wice the ‘standard -
deviétion‘of the'fit. ‘Thus the error gstimates for the half-lives given in
Table I are cbhsistent vith.each othef. The contribution of systematic errorﬁ
was difficﬁlt to estimate, buf it was expected to be small compared to thaﬁ of
statistical errqfs;' In the éasevof-the a-pérticle ehergies the uncertainty is
mostly caused by‘calibration errofs. The peaks used for calibration wefe mentioﬁéd
in connection ﬁith eéch spegtfum in Section III. Equaliéing the gains and
thresholds in all of the 28 detectors was done prior to an e#periment using
pulse generators célibraﬁed by the 6.640-Mev a-partiéle group of'253Es samples;
Further gain matching of the spectra was done during the data hardling phase of the

CDC 6600 computer using Paatero'S'method;ll
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The aidecav_hindrance factors'werevcalculated using. the spin-independent
(Z:o) equations'of Preston,12 :This fOrmalism was chosen because_it 1s widely
used and thus.facilitates the c0mparisons with hindrance factors calculated
by‘others. The radius parameter R was chosen to decrease from 9 45 fm for
248M::1, in O. OS-fm decrements, to 9. 30 fm for SlMd The ch01ce was based on
the general trend-among the R values forveven-even Cf and Fm Q-emitters with
neutron-numberzless than 152.:'Infthe hindrance‘factor-calculatiOns the values
LL9M'd and 5lMld respectively.

2k9

80% and 94% were used for the EC branchingS‘of _

The hindrance factors of the main a-particle groups of
Hindicate that the transitions are favored.

a-decay energies of the heaviest elements as a function of neutron

| number are plotted in Fig. 12. This figure was already presented in our

\paper on Lr isotopes.2 The present data on Q- ~decay energies of Mﬁ 1sotopes

 were previewed’in_thatvpaper and some systematic features were 1ndicated. In

Fig. 12, the black circles correspondnto the most energetic known a-barticle
group and the'open circles mark the values estimated by'WaPStra et. al.?‘3 For

Md isotopes both.the experimental and the estimated values have been plotted to
Showbthat the observed.a-decav energies are consistently lower than the estimated

zsst, where a Y-ray of energy

1k

" ones by sbme'300 keV. The‘only exceptions are
430+40 keV was 1dent1f1ed in corncidence w1th the main a-particle group,
256

and Md, where a weak a-particle group has been observed w1th an energy
.+hat agrees with the est:.mxa.te.l5 This phenomenOn can be understood in terms

- of the single-partlcle level scheme of-Nilsson et. al. 6’ According to the
scheme there is a fairly large gap between the 7/2 {Slh ] state available for
the 101st proton and the 7/2 f633T state available for the 99th proton. Q- -

decay from the 7/27 (5144 ] state, the predicted ground state of odd Md isotopes, -



_.to the 7/2+[633?] state; the ground state of 0dd Es 1sotopes,‘1s greatly
hlndered because of a change of both parity and relatlve orientation of tne
projectionlof intrinsic spin.17 .Therefore'the favored alpha decay from the
7/2"[51#&] "_sta'te of M to the seme state in Es is mich preferred even if the
| level in the latter lies several hnndreds of keV above the ground 'state. —

~Log~ft'ralues of thevEC transitions.can be estinated by using the

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

.systematics of Wapstra et. al.13 for'2 224 zslMd and Md, and extrapolated |

249

2
values for Md and u8Md. The log-ft values.between. k4.5 and 5.4 which were

obtained for- these 1sotopes are unnsually low for the heavy element region and thus

' difflcult'to explain.in,terms of the*single—particle level scheme of Nilsson et. al.

I am greatly indebted to my colleagues Albert Ghiorso, Matti Nurmia,
and Kari Eskola for their kind and extensive cooperatlon in carrying out the
experimentsg Also, I want to express ny appreciation of*the expertvhelp given

- by the HILAC crew.
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Table I. Summary of experimental results.

EC - O-decay |

a-particle . :
Half-1life energy Intensity +EC hindrance Ways of production
- | (MeV) (%) (%) . factor . ' |
'?h8ma - Tt3 sec - 8.32¢0.02 ~T5 8ot10 22 B . 2%
' . - 8.36£0,03 ~25 ’ | 88
v 2kl sec 8.03t0,02 100 <5 B, 12
o | CEM3n . B
#%q 52t6 sec 7.75%0.02 ~T0 k3 R 2405, + Loy
' 7.82£0.03 ~30 R 18 21*.1Am + 160»
o M3y, 12 13,
o
25hg C4,0£0.5 min  7.55:0.02 100 > 240py, 4 Loy
23 4 1B, 13
?BZMd‘ 2.30.8 min
24ops . 7.73t0,02 100 60£10 By v 20
2hogs ' 7.36£0.03 100 Mg 4 12
2hTgg BT£0.3 min | 7.31£0.03 00 2hy 4+ 12
' 2h3Am +.120
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FIGURE CAPTIONS

Fig. 1 A series of a-particle spectra produced by a bombardment of 2u3Am'with

130 ions.‘ The individual spectra show the total of counts recorded

at each of the seven stations by the two movable detectors when facing

the wheel¢: The sum of the seven spectra is plotted topmost. These

spectra are called the parent"-spectra. The wheel—stepping interval,

the integrated beam reading, and the bombardnent energy are indicated

in the figure._ _ | B |

‘ Fig: 2 A series of a-particle spectra resulting from the same bombardment of

| | 2h3Am with 130 ions as the spectra in Fig. 1, but recorded by the »
detectors in the off-wheel p051tion ("daughter" spectra). The arrange-;
ment'of:the,spectra and the data'pertinent:to theibombardment correspond

_-to-those in Fig. 1. The seventh stationAwas.leftvout becanse”of problems
'in‘adjusting the energy scale. -

B 252

Fig. 3 Decay of the 7.0k-MeV Q-particle group of “’“Fm in "daughter"HSPectra

combined from four bombardments of 2h3Am with 72-88 MeV‘l3C,ionso

The:error'bars indicate an uncertainty-of one standard deviation.
Fig. #‘ EXcitation_curves for sone activities produced'in bombardments'of 2h3Am
ﬁith 13C ions.>_$he upper part displays the excitation curtes for the
activities in "parent” spectra and the lower part those for the
- activities in "daughter spectra. The curves in Fig. 4b have been
_corrected for'geometry and time factors to make}them.comparable with
‘the curvesbin Fig. 4a. The error bars indicate‘an-nncertainty of one
standard deviationj vhere no error bars-are marked the‘uncertainty is
clOSe-to the-sizexof the point showing the experimental resnlt;
Fig. 5 A series of Q- particle 'parentf spectra produced in a bomhardment of

ol _ _ _ - .
3Am with l,C ions. Both_the arrangement of,the spectra and the data
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. pertinent to the bombardment correspond to those in Fig. 1.

Fig. 6

A series of a-particle daughter spectra resulting from the same

243 12

homhardnent'of Am with ~°C ions as the "parent” spectra in Fig. Se

. Both the arrangement of the spectra and the data pertinent to the

Fig. T

Fig. 8

'bombardment correspond to those in Figs. 1 and 2. .
Excitation curves for some - activities produced in the- bombardments of '

2h3Am with 23 ions.' For further detailS'see the caption of Fig. k.

A series of a-particle parent" spectra produced by bombardnents of

2k Am with 12C ions. Both the arrangement of.the spectra and the data

'.pertinent to the bombardments correspond to those in Fig.'l.

" Fig. 9

"bombardments of Am with =°C ions as the parent spectra” in Fig. 8.'

A series of a-particle "jaughter" spectra resulting from the same
2l 12

Both the arrangement of the spectra and the data pertinent to the bombard-

‘nent correspond to those in Fig. 1.

Fig.'lo

Fig. 11

Excitation curves for some activities produced in the bombardments of

2k 12

Am with -C ions. For further details see‘the caption of Fig. k.

Decay Curves for a-decay of zhst, 2h9Md, 250 Md, and 5]fMd in ‘parent"

';spectra and their daughter activities in corresponding "daughter

spectra... The parent-daughter pair envolved in each case is written |

on top of each section. Open circles denote the parent & activity,

]black circles the daughter a- activity.

Fig. 12

Q-decay energy as a function of neutron number;. The black c1rc1es

correspond to the highest known a-particle group and the open c1rcles

mark the values estimated by Wapstra et. al., 13, by 1nterpolat10n and

da-B-decay_chains.

. I
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