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Region accessible by present technique
Production rate 1 - 10 event / week

“N=126

Region accessible for nuclear spectroscopy |
10 — 1000 nuclei / hour

\ "FFL s

Two examples for the decay spectroscopy
 Alpha-gamma decay spectroscopy

« Study of isotopes undergoing via EC
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SHIP separator

Velocity filter optimized for fusion-evaporation reactions ,

il

G. Minzenberg, et al., NIM 161, 65 (1979).
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25959 AND 255Rf

DECAY
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counts / 4 keV

alpha decay of #°9Sg
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Fusion-evaporation reaction >4Cr+206Pb—25°Sg + 1n [(®>4Cr8*) = 720pnA
1 week of beamtime 750 nuclei of 2°°Sg (assuming b ~97%)
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alpha decay of #°9Sg

a) PSSD singles pause ' 259Sg

9610 keV
T, =402+56 ms

b) ER -a (AT = 2s)
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New long-lived isomeric state in 2°°Sg exists due to the 11/2-[725]

and 1/2+[620] nilsson levels known in lighter N=153 isotones.
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counts / 4 keV

New isomer in 2°Rf
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New short-lived (50 + 17) us isomeric state in 2>°Rf at = 135 keV assigned

as 5/2+[622] state similarly to lighter N=151 isotones.
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N=153 and 151 isotones systematics
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Short lived isomers few 10 us at
140 — 250 keV, not predicted by

Significant change of the g.s.

configuration for N=153 isotones
from 1/2+[620] to 11/2-[725] .

most of the theoretical models,
known up to the 2°°Rf.

Possible explanation by phonon-particle
interaction suggested already for 243Cf in
1975 - possible mixing with {9/2-[734]®2-},,
[S.W. Yates et al. Phys. Rev. C 12, 442 (1975)].
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... another new isomer in 2°Rf

Fusion-evaporation reaction >°Ti+29’Ph — 255Rf + 2n ~1300 events
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Besides its fission properties (see the talk
by Pavol Mosat afternoon) we aimed at

delayed coincidences of ER-CE-SF/a
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And another new isomer in 22°Rf

Fusion-evaporation reaction >°Ti+2°’Pb — 25°Rf + 2n
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Besides its fission properties (see the talk
by Pavol Mosat afternoon) we aimed at

delayed coincidences of ER-CE-SF/a

We found several ten events of CE with
energy up to the 900 keV; Some in
coincidence with y up to the 600 keV
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isomer(s) at~ 1 MeV
exc. energy.
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EC IN HEAVIEST NUCLEI
258D AND 2°>/Rf
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EC identified via CE-X-ray coincidences

« Production in °Ti+299Bj —2°8Db + 1n
« 8.5 days of beamtime, ~ 3000 nuclei of 2°8Db
* Delayed CE-a/SF coincidences (AT<50 ms)
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F.P. Hessberger et al. Eur. Phys. J A, 52, 328 (2016)
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Precise Q,, value for 2°8Rf. sensitive selection; almost pure 258Rf
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Beta-decay studies %°’Rf

Search for an EC decay in °’Rf by looking at
delayed CE(+X-ray) - a correlations.
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Despite of limited statistics indication new isomer in 2°7Lr assigned as 1/2-[521]
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Level systematics for Lr isotopes
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Experiment
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Uncertain g.s. configuration for most of the Lr isotopes and

completely missing data on excited levels.
There are not almost any new data available in last 10 years
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ANOTHER EC DECAY
STUDY... ~*Md
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EC of ~4Md to #*Fm

2>4Md (produced via EC of #>*No in “Ca+2°Pb) decays to 2>*Fm

Old case — obgerved In 1970- by Fields et al *E coinc. 649 keV
Only very basic data are available 1o
we | E a) i3
s E |-8 Coinc. to Ka Fm 8
- s 6F—
> F 8 -
LF 2\ l/G/J, ?_HLI o
™N o5 = C]
ok Prey - :
"E 20 10—
3 - coinc.
S 15F o
: . 694 keV
10- L
5F -
¥s in coinc. with CE up to 600 keV and Fm X-rays s
A. Broni$, Project of PhD Thesis e

CE with high energy y transitions up to 700 keV and Fm X rays

Populated state at 1200 — 1400 keV (considering bind. energy)
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Counts / 2 keV

EC of 2*Md to 24Fm

254Fm
sk 39.3h
OF = a) 2+ 78 SO
: — A . ,— ~N
st E [-3 Coinc. to Ka Fm o —l ﬁf\ N
S 254ES QU ey
I I 99 SNV oSy
N Q Q, =1090 FI Y ey
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23 pl'e oo 7.3 (3)* VP Y
L ) _ Ny we o ) 733.67
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10 S
- | <1.0%__>9.7 4% S @ 149.347
- 0% =~ 2¥ S 44.988
5 [~18% ~87, 0% 1 — 9 3240
254
100F M

649 and 694 keV vy lines known from - decay of ?>*MEs (2+ state)

The B- decay of %**MEs involves a transitions between low-spin states.
Do we expect something similar for EC of ?°*Md is higher?
2.5.2019 JAEA Tokai, 25.3. — 27.3 2019 18



EC of ~4Md to #*Fm

We should expect low spin states in 2°*Md
n7/2-[514] @ v1/2+[620] ...... 3- 0+ 2%No

n1/2-[521] @ v1/2+[620] ...... 1- \ 2540 g
n7/2-[514] ® v3/2+[622] ...... 2 EC/B+ 10 m

1/2-[521] @ v3/2+[622] ...... 2- =4
=, | = 55%
3+ (4...)7.1..2.(.3.9..1400 keV
JK Ey(keV) 3J:3 ;z;]::n 1_0:0 r?'lin ........... !.CDLU
1 3+ 734 keV
EC } AV
- 734 1 We should not see 2 g S 694 keV
- N
22 4 < Ec:> any CE-y cascades! é & o
LL
o) o %
1 o4
20— - 4 9 |149 keV
[P.C. Sood and R. Gowrishankar, o4 Y v 45 keV
o M| PRC 95, 024317 (2017)] — 0 keV

O+
55% of al EC transitions goes well above known 2+ and 3+ states at ~ 700 keV
= There are higher spin states populated than expected and thus also initial in 2°>*Md

It seems, the ambiguity for available single particle levels is critical issue again
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Conclusion

« Besides a-decay studies the EC might provide interesting data (using

delayed coincidences with CE+X-ray coincidences); see e.g. 2°8Db, ?°7Rf,
253,254Md_ -

It's tricky, but possible.

« Level systematics above fermium remains very uncertain especially for
isotopic chains = it’s really difficult to predict and explain decay
characteristics of heaviest isotopes.

« There is still lot of work for both — theory and experiment - in the region of
heaviest nuclei.

Thank you
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