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The Stfong Force

One of the fou sc interactions,
playing among others an essential role for j

— Quark — Gluon - Plasma
B > Formation and development of stars
', § > Development of the universe
4 — Synthesis of the chemical elements
| ?- > Structure of the atom|c nuclei




' The Strong Force
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Predictions of Superheavy Nuclel

x 1
Tin — region:

— All parametrizations predict the same shell closures, Z=50, N=50 and N=82
— High shell correction energies in narrow regions around the shell closures
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SHN region:

— Shell closures are strongly dependent on the parametrization,
Z=114,1200r 126, N =172 or 184

— Wide regions of high shell correction energles are predicted
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Physics Motivation for Synthesis and Nuclear

Structure Investigations of SHN
Understanding nuclear structure of SHN is

essential for understanding their
properties and stability
1.e. the ,strong force' and thus
the ’limits of our world”’

Topic Questions

& — Are there proton and neutron shells at all ?
— How strong are they ?
—Where are they located ?

| | | IS
= shell structure determines nuclear mass excess = determines Q-values for
a- and B- decay




Expected Decay Modes and Halflives of SHN
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separator SHIP

SHIP

Separation time: 1-2ps
Transmission: 20-50 %
Background: 10 - 50 Hz
Det. E. resolution: 18 — 25 keV
Det. Pos. resolution: 150 pm
Dead time: 25 us
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Decay Spectroscopy of SHN

Example

Nuclear structure investigations
require a large amount of events,
but production rates of SHN are
low (ca. 240 /d/nb)

- Nuclear structure of odd-A
even Z nuclei is similar along
iIsotone line

> Nuclear structure of odd-A Zimd
even Z nuclei is similar along
isotope line

- Study of systematics of (low lying)
Nilsson levels in odd A nuclei

- Study of K - isomers




Decay Study of 2°°Sqg

Production by 2°6Pb(54Cr,n)25°Sg; o ~ 1 nb; a-decay from two states
259989 (T,,, ~ 410 ms) and 2°°mSg (T, ,, ~ 250 ms) observed
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Decay schemes of the N=153 Isotones 255No, 2°7Rf, 25°S

Rf
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Nilsson-Levels in N=151 Isotones

BExperiment calc: Z-H. Zhang et al. PRC 85, 014423 (20n12) calc: M. Bender et al. NP A7T23, 354 (2003)
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Nilsson-Levels in N=153 Isotones

calc. Z.-H.Zhang et al. PRC 85, 014324 (2012) calc. M. Bender et al. NPA 723, 354 (2003)
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Shell strength towards N = 162

2n - separation energies I
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Proton Number

Z — Identification of SHE

1 T 118-294
- a-chains terminated by sf .
—> sf of 0-o0 — nuclei strongly hindered s 7298
- maybe no sf of 0-0 nucleus observed, Lv-zes

but sf of e-e daughter af EC WW

- EC is a ,certain’ source for K-X-rays b’A F.-zsg

- Z — identification by delayed e
coincidences between WW
K — X-rays and sf ) '
8| Rg-279 $OR 8
- test-case: 258Db ‘.WKW
| T —
J Hs-275
/] Zl

Predict. SF - halflives

266Rf: 23s
268Rf: 1.4s
270Rf: 20 ms

Neutron Number

EC(?) (~0.3)

sf (>0.7)



Direct Prove of EC of 2°°Db
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<TKE> Measurement of 2355.256,258Rf

range of sf products
ca. 22 um

SF1°

Impl. Depth ER
ca. 6-10 pm

= 7Tum for 2>2Db

Implantation depth of ER < range of SF products
p(sfl+sf2) & 40%
large PHD due to high ionisation density
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Enhanced Focal Plane Detector Set-up for

SHE Spectroscopy

configuration

chamber

DSSD

D. Ackermann,

J. Maurer,

M. Vostinar,

J. Piot, N. Kurz,
P. Wieczorek,

J. Hoffmann et al.




Enhanced Focal Plahe Detector Set-up for
SHE Spectroscopy

First on-line test at LISE — Wienfilter GANIL, november 2014
40Ar (4.66 AMeV) + 174Yph > 209,210Rg

4500 — DSSD — analog signal processing 209.2100
— _ Uatal
4000 i 2 C ———
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= =5 energy resolution
— ~ 20 keV (FWHM)
2000 —
1500 —
1000 —
500 —
— 208
= 1 Ra 1 1 | 1 1
05500 7500

Energy (keV)




Enhanced Focal Plahe Detector Set-up for
SHE Spectroscopy

Digital signal processing -> FEBEX + conventional PA
DSSD, Ge-detectors, .....
e fast timing e deadtime free e pulse shape analysis options
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Summary and Conclusions

-> Macroscopic — microscopic models did a great job in predicting a region of
,relative’ high nuclear stability above the actinides (,superheavy elements‘)
atZ=114and N = 184

—>Selfconsistent models using effective NN — interaction put the ,old’ shell
predictions in question, Z = 120, 126 and also N = 172 appear as possible
candidates for proton and neutron shells

—->Nuclear spectroscopy is a suited method to obtain detailed information
about the nuclear structure and the underlying nuclear force and to test the
predictive power.of models with respect to location and strengths of nuclear
shells (even without reaching the ,center?)

—>Precise mass and Q, — value measurements allow to determine the strength
of nuclear shells in the region of SHE

—->Nuclear spectroscopy is also an unambiguous method to determine the atomic
number by measuring K — X-rays either from deexcitation of nuclear levels
populated by a —decay or from EC.

—->0n long-term view a general (or common) parametrization of the ,strong force*
to decribe commonly evaluation of the universe and the stars as well as the
atomic nuclei is desired; investigation of superheavy nuclei are hopefully a
valuable tool to reach that aim.
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