Neutron Star Mergers: Hirschegg 2017

Precision mass measurements
for nuclear astrophysics and
neutrino physics studies

Basics of Penning-trap mass spectrometry

Precision atomic/nuclear masses
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Astro- and neutrino physics studies
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Fields of applications

~ particle fundamental constants

nuclear structure,

(nuclear) astrophysics, astrochemistry,
production.of heavy elements,

o W ‘,.“_;;'_-ajmmic’ and molecular binding energies
| ﬁ Y

nuclear forces

A

fundamental interactions and their symmetries,

Adapted from H. Wilschut



General physics & chemistry

- separation of isobars
Astrophysics

- separation of isomers

Weak interaction studies

Metrology - fundamental constants -

'CPT tests
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- separation of atomic states . meV
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Relative mass precision of 10° and below can presently ONLY
be reached by Penning-trap mass spectrometry.
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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
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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: O~ — Wy T +(Dz We —

L.S. Brown, G. Gabrielse, Rev. Mod. Phys. 58, 233 (1986).




Detection techniques
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S. Eliseev et al., Phys. Rev. Lett. 110, 082501 (2013)
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dm/m =101

4.2 K *|

Non-destructive

induced image Q

current detection
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S. Sturm et al., Phys. Rev. Lett. 107, 143003 (2011)




ISOLTRAP: A Penning-trap setup at CERN
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The ISOLTRAP mass spectrometer
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MAX PLANCK INSTITUTE
FOR NUCLEAR PHYSICS

1000mm

1999

Mukherjee et al., Eur. Phys. J. A 35, 1 (2008)
Wolf et al., Nucl. Instrum. Meth. A 686, 82 (2012)
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FOR NUCLEAR PHYSICS

CPT, ESR, ISOLTRAP, JYFLTRAP, LEBIT, SHIPTRAP, TITAN, TRIGATRAP
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A New magic number (N=32) and 3N-forces
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. Gorkov-Green function theory, Ca N
Gorkov Green function theory K '—9—'
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Neutron number




' Masses ||

Astrophysics and nucleosynthesis
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CPT, CSRe, ESR, ISOLTRAP, JYFLTRAP, LEBIT, SHIPTRAP, TITAN




The nucleosynthesis paths

Nuclear masses (binding energies)
determine the paths of the processes.

Number of protons Z

rp-process
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Number of neutrons N supernovae and
—
n-star merger
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Nuclear masses (binding energies)
determine the paths of the processes.
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addressed at
FRIB/FAIR
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Masses for nuclear astrophysics

Composition of the outer crust of a neutron star
PHYSICAL

A MEUTRON STAR: SURFACE and INTERIOR

CORE:
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hitp :/www.astro.umd.edu/~miller/nstar.htmi
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n-rich Cd masses for r-process studies

Penning trap  (2427?)
MR-ToF-MS  (1047)

Proton Number (2)
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M.R. Mumpower, R. Surman, G.C. Mc-Laughlin,
A. Aprahamian, The impact of individual nuclear
properties on r-process nucleosynthesis,

PPNP 86, 86-126 (2016)

Proton Number (2)

Neutron Number {N)




Neutrino physics applications
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m(v,) < 2 eV/c2 (95% CL)

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




Ey=18589.8(1.2) eV - Ers

5 —3 2
E,-E, (eV)

tH— He+e +v Q. =18589.8 (1.2) eV
Qi =18 592.01(7) eV [E. Myers, PRL (2015)]

We aim for: 8Q(3T—=>3He) = 20 meV AT <0.02 K/d at 24°C
dm/m = 7-1012 AB/B<10ppt/h Ax<0.1 um
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First 12C4*/150%* mass ratio measurement at dm/m = 1.4-10-1! performed.




NEUTRONS SQUID loop

FOR SCIENCE

Q-value of EC in 193Ho thermal link

T T T T T thermal bath

Our result
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Q-value with
0Q<1 eV

S. Eliseev et al.,
PRL (2015)
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BASE: CERN, GSI, Hannover, Mainz, MPIK, RIKEN
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Compare charge-to-mass ratios R
of p and p:

(q/m)5/ (a/m), = 1.000 000 000 001 (69)

S. Ulmer et al., Nature 524, 196 (2015)

It Is not that easy!
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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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