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Nuclear Masses
and their Importance for
Nuclear Structure,
Nuclear Astrophysics, and
Fundamental Studies
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Masses determine the atomic and nuclear binding energies
reflecting all forces in the atom/nucleus.

2”7 N

— binding energy

= Nem_ . ron + Z°mproton + Z*Mgeciron

. 2
(Batom + Bnucleus.)/C
&dm/m < 1010 &dm/m = 10% - 108

Atom



Extraction

From the FRS

Hexapole-
magnets
Fast kicker

Electron
cooler

RF-Accelerating
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particles at nearly rest in space relativistic particles

* ion cooling (buffer gas, resistive, electron)
* long storage times  * single-ion sensitivity * high accuracy




Storage ring mass spectrometry

Schottky Mass Spectrometry Isochronous Mass Spectrometry

Electron e
Cooler
TOF-Detector
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Hot Fragments

B. Franzke, H. Geissel & G. Miinzenberg, Mass Spectrometry Reviews 27 (2008) 428
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The free cyclotron frequency is inverse
proportional to the mass of the ions!

An invariance theorem
2 — 2 2 2
saves the day: WO~ — W, TO. +(Dz

L.S. Brown, G. Gabrielse, Rev. Mod. Phys. 58, 233 (1986).
K. Blaum, J. Dilling, W. Nortershauser, Phys. Scr. T152, 014017 (2017).




(3) TOF measurement

MCP
c Detector 390+
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(2) Energy conversion
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(1) Excitation of the Excitation frequency
jon motion

Mean time of flight / pns
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Determine atomic mass from frequency ratio f;,ref _ m-m,

with a well-known “reference mass”. fc mref = /776.
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ESR, ISOLTRAP, SHIPTRAP, TITAN




Ca masses pin down nuclear forces

Multi-reflection time-of-flight and Penning-trap mass spectrometry

R. Wolf et al., Int. J. Mass Spec. 349, 123 (2013)
T. Dickel et al., Nucl. Instrum. Meth. B 317, 779 (2013)

) ) N =28 magic —
Production rates of ~10 ions/s \
—o— |SOLTRAP

Mass measurements via S, —— NN+3N (MBF’T}_

establish new magic number
at N =32
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N = 32 magic number

S2n /MeV

Correct prediction from
3N-forces (A. Schwenk et al., TUD)

F. Wienholtz et al., Nature 498, 346 (2013)

ISOLTRAP (CERN), TITAN (TRIUMF) neutron number N




Experimental proton-neutron interaction

ESR Schottky mass measurement 221Hn34+
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Noise power density [arb. u.]

ESR (GSI)




ESR (GSI)

~

.mu 150 250 - 300
Bl 150 - 200 300 - 350

EIJIJ 250
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125 13{1 135 14 145
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Proton number
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dVon(Z,N) = %[{E(Z, N)—B(Z,N—2)}—{B(Z—2,N)—B(Z—2,N—2)}]

223-229Rn: Phys. Rev. Lett. 102, 112501 (2009) 208Hg: Phys. Rev. Lett. 102, 122503 (2009)




E. Minaya Ramirez et al., Science 337, 1207 (2012)

ChemistryWorld: Tweaked weighing scales help map
the island of stability
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1 256Lr with the lowest
yield ever measured

52“|N,Z} (keV)

in a Penning trap

INbhbhdNb

(2 ions/minute)

152 154

SHIPTRAP (GSI) Neutr', i o Neutron number
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Nuclear astrophysics studies

CPT, CSRe, ESR, ISOLTRAP, JYFLTRAP, LEBIT, SHIPTRAP, TITAN
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Nuclear masses (binding energies)
determine the paths of the processes.
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Nuclides at the rp-process path
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JYFLTRAP (steady state)
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Composition of the outer crust of a neutron star
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Precision Experiments and
Fundamental Physics at Low Energies

FSU, ISOLTRAP, JYFLTRAP, SHIPTRAP, THe-TRAP, TRIGATRAP




Results so far

double-electron-capture nuclides

All but one (1%°Pt)
measured with mostly
below 1 keV uncertainty.
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double-beta-decay nuclides

70 90 100 110




Is Ov2EC a good alternative to Ov286?

2V2EC (T,,>10%4y) 0v2EC (T,,,>10%)

I
(Q — Bap — E)? + ;T2

1
Ti/2

= C xm2 X |[M|? x |U1e]|* x |Uge|? x

0v2EC might be resonantly enhanced (T,,~10%%)

(Z,A)
Caprre of excited electron shell
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Contribution of Penning traps:

. B., Search for nuclides with 4=(Q_.—B,,-E ) < 1 keV
(£Z-2,A) = by measurements of Q,.—values
at ~100 eV accuracy level




Resonance enhancement factors

JYFLTRAP 2EC - transition A(old), keV | 4A(new), keV | Ty, *m? yr

(IGISOL)
SHIPTRAP 152Gd — 1525m -0.2(3.5) 0.9(0.2) 1026

(GSI) 164Er — 164Dy 5.2(3.9) 6.81(0.12) 103
TRIGATRAP

(Mainz) 180\ _ 180} 13.7(4.5) 12.4(0.2) 1027

10° ¢
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resonance enhancement
factor normalized to *‘Fe

| | 3 T | i i | i
10 100 1000
Q_-B, /KeV  isier. phys. Rev. Lett. 107, 152501 (2011)




Destructive
time-of-flight
detection

charge collaction fingers MCP ac tive area

Space | rLr/
resolving

detection
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T - 1.0077478353
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1 2 3 4 5 6 7 8 9
number of ratio

Gain of a factor of 5 in uncertainty Mass accuracy of
a factor of 40 in resolution

or a factor of 25 in time.
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S. Eliseev et al., Phys. Rev. Lett. 110, 082501 (2013) even for T,,<1




Isomerism in %8Cu:

6 721.6 keV

//\ B 16%
68Cu /\ B 100%

g: T1/2 =31.1s
m: Ty, = 3.75 min
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mean TOF (us)

m/Am = 108 needed
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0° phase
ifference

0 5 10 15 20 25 30 35
fexc - 1338940 (Hz)

K. Blaum et al., Europhys. Lett. 67, 586 (2004)
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Mass measurement facilities worldwide

— -\ from SIS 100
from SIS-18 ™ .1, Eur.Phys. J. ST 183, 1-123 (2010)
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Special Topics

High-Energy
Storage
ng D. Rodriguez, K. Blaum and W. Nértershauser

MATS and LaSpec

High-Precision Experiments Using lonTraps and
Schottky

mass and Lasers at FAIR
lifetime

spectrometry
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Isochronous
' : and Schottky
Collector £ mass and
Ring i { lifetime
% ¥ spectrometry




Exciting results in high-precision mass spectrometry
with stored and cooled exotic ions have been achieved!

Thank you all for the invitation
and your attention!

Email: klaus.blaum@mpi-hd.mpg.de
WWW: www.mpi-hd.mpg.de/blaum/
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