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Masses: Fundamental Properties of Atomic Nuclei

Binding energies
Mass models
Shell structure

Correlations
pairing

Reaction phase space
Q-values
Reaction probabilities

The reach of nuclei
Drip lines

Specific configurations
and topologies
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Nuclear astrophysics
Paths of nucleosynthesis

Fundamental symmetries
Metrology
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A\ History of Mass Exploration
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Up to 1940!
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Up to 1948!
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Up to 1958
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Up to 1968
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Up to 1994!
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History of Mass Exploration

About 2200 nuclear masses were measured
3000 nuclides known

Still far away from the r-process path,
Especially for the heavy nuclides
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to 2004!

‘.,:—"3 G. Audi et al., Nucl. Phys. A565, 1(1P3) A 595, 409 (1995), A729, 337(2003)
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http://isoltrap.web.cern.ch/isoltrap/database/isodb.asp
http://research.jyu.fi/igisol/JYFLTRAP_masses/
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Secondary beam facility at GSI
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A glance on the SIS

MAX PLANCK INSTITUTE
FOR NUCLEAR PHYSICS

Circumference =216 m, E

(U) =1 GeV/u, q = 78*

max
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Separation and Storage
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Stochastic cooling: F. Nolden et al., NIM B 5632 (2004) 329
Electron cooling: M. Steck et al., NIM B 532 (2004) 357
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4 particles with
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charge ratios
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Fast Fourier Transform
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| Broad-Band Schottky Frequency Spectra
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Nuclear Decays of Stored Single lons

Time-resolved SMS is a perfect tool to study decays in the ESR

Noise power density / arb. u.
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EC, B+,B-, bound-state 8, and IT decays were observed
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D\ Experimental proton-neutron interaction

ESR Schottky mass measurement 54 Rn84 4
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Experimental proton-neutron interaction

as— ® Newly measured dala
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For even-even nuclei
OVo(Z, N) 4[{BZN} B(Z,N-2)}—-{B(Z-2,N)—B(Z—-2,N-2)}]

L. Chen et al., Phys. Rev. Lett. 102, 122503 (2009)

Tuesday, August 3, 2010



41,,2/

Experimental proton-neutron interaction

aa- ® Newly measured da
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American Physical Socicty \PS Volume 102, Number 12

L.Chenetal.,Phys.Rev. __... .., .——__ —--,
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New ESR
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Isochronous Mass Spectrometry

1985 - H. Wollnik, Y. Fujita, H. Geissel, G. Miinzenberg, et al.
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Nuclei with half-lives as short as 20 us

o/ - -
About 13% in mass-over-charge range m/q range: 2.4-2.7
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M. Hausmann et al., Hyperfine Interactions 132 (2001) 291
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IMS: Time-of-Flight Spectra

Nuclei with half-lives as short as 20 us
About 13% in mass-over-charge range
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Isochronicity conditions

Bp cut

— —

Revolution time

Lu'»/)
59
=je
Pl
¥ o)

ZQ
-
%0
Z QO
53
n
X
ztﬁ

UL

0
ABp/Bp [107]

Tuesday, August 3, 2010



» »
2 2
L2 <
|~ =4
) ®
a a
— —
o (o)
b :
= =
3 5
pd pd

5167277*775716377‘7775710;17 510.5 T o i6 5(2:1?‘ _ 50‘18
Revolution time [ns) Revolution time [ns)

i
(¥
59
=je
T
Z&
-
%0
Z®
5:)
n
% &
Etﬁ

Standard deviation of revolution time distributions [ps)

Number of particles
Number of particles

- - - ~ - - - - A - & A = A 7 - - - ) - v - v - » - v
5125 s26 g 98.6 498 v 240 245 250 255 260
Revolution time [ns] Renvolution trme [ns] Mass-to-charge ratio

Good isochronous conditions are fulfilled only in a small range
Solution: measurement of Bp or v in addition
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Isomeric State
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Expected half-live of bare isomer: ~ 17 ms, o.~991
A new half-live domain for storage-ring experiments

B. Sun et al., PLB 688 (2010) 294
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Nuclear structure studies

Mass surface covered

with the time-resolved

Schottky Mass
Spectrometry

Isospin Symmetry
Pairing

Exotic decays
Fundamental
Interactions
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r-process
path

Mass surface covered
with Isochronous Mass
Spectrometry

Magic Numbers
Shell Evolution

~ 1100 ESR mass measurements
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Single ion sensitivity
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