PRECISION MASSES OF 12°%-131Cd FOR
NUCLEAR ASTROPHYSICS
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Nuclear astrophysics — a place to begin...
Production of heavy elements

Theory

Experiments with radioactive isotopes

The mass spectrometer ISOLTRAP
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Results on 129-131C(d

sSummary




Definition: Interdisciplinary branch in physics which aims to understand the
origin of chemical elements and the energy generation in stars.

Nuclear physics Astrophysics

* Nuclear masses « Stars, Star Clusters
« Half-lives « Galaxies
« Reaction cross sections * Chemical composition
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http://en.wikipedia.org/wiki/Nuclear_astrophysics
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e .
N Rapid neutron capture process

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

S.Wanajo et al ApJ, 606, 1057-1069, 2004 6

Starting conditions: r=10s; n =10%’ cm=3; T =9 GK
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RILIS Cd ionization
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ISOLTRAP
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LARGE UNCERTAINTIES ESE FOR S-DOMINANT NUCLIDES

M. Arnould, Euroschool for Exotic Beams 2012
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Penning trap measurements | "oat,,=22ms
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t,, (129Cd) = 20-160-20 ms

mean time of flight, us

t, (13°Cd) = 10-80-10 ms

- -2IO I -10 0 ' 1I0 ' 20
P R E L I M I N A RY excitation frequency - 700894, Hz

et al., Int. J. Mass Spectrom. 142, 95 (1995): S. George et al., Phys. Rev. Lett. 98, 162501




130|n 130Cd

MR-TOF MS I ' ' i

I
|
« =88 ions/s from ISOLDE - | |
« Total of 1366 ions collected for =6.6h | m”

Laser blockedt | |

ions of interest 131Cd = 0.2 ions / 160 ms '“' I
contamination 131Cs = 0.6 ions /160 ms 5| |.” “l
I

27.447 27.448 27.449 27.45 27.451
Time of flight /ms

U= 27553129.4 43.0 u= 27556846.2 4.9
c=69.8 2.1 6=62.7 35
Events = 551 +23 Events = 163 +13
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R. N. Wolf et al., IIMS 313, 8 (2012); F.Wienholtz et al., Nature 489, 346 (2013)



Results

S, (N,Z)=ME (N -2,Z)-ME (N,Z)+2-ME (n)
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Rapid neutron capture

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

S.Wanajo et al ApJ, 606, 1057-1069, 2004 17




The nuclide abundance equation in explosive burning

dN(4, 2)

dt
= 1,(A—1,2)N(A - 1,Z) — 1,(4, Z)N(4, Z)
+5(A,Z = 1)N(A,Z — 1) — 23(A, Z)N(A, 2)
+2,(A+1,Z)N(A +1,Z) — (4, Z)N(A, 2)

+ termination terms due to fission (A = 260)

The number density for isotope with (A, 2)
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Waiting-point approximation

| 2, » 45 and having (n,y) < (y, n) |

dN(A,Z)
dt

=25(A,Z-1)N(A,Z-1)-2A5(A,Z)N(A,Z)
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Ty

log N,E,“}Z;)Z) =logN, —34.07 —3logTy +

N, — neutron density; T, — temperature in GK; Q,, — neutron separation energy




130Cd Beta Branching for 1.4 GK
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Calculations performed by H.Schatz



Canonical model

130Cd waiting point conditions (75% beta decay)

log1l0 Neutron Density (g/cm3)
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Calculations performed by H.Schatz



EXPLOSIVE  He-BURN >

TXPLOSWVE C-BURY >
SUPERNOVA - EJECTA

7
]
T
(=
Z
=4
T}
v
=
sl
oy
—
=
'_|
%]
Z
U
Z
<
=
o
=<
=

M. Arnould,EEB 2012
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Mass fraction

Calculations performed by S.Goriely
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4

2. Gravitational waves released | 3. Coalescence of neutron stars

1 - i as neutron star pari and propagation of
1-Neubiarsier binary approaches each Fc))ther gravitational waves
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5. Black hole 6. Diffusion of r-processi€lements along turbulent magnetic fields

ONAQ)

T. Tsujimoto A&A 565 L5 2014 , NR Tanvir et al. Nature , 1-3 (2013)
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5. Black hole 6. Diffusion of r-proces*eﬁ.er’nents along turbulent magnetic fields

ONAQ)

T. Tsujimoto A&A 565 L5 2014 , NR Tanvir et al. Nature , 1-3 (2013)
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Calculations performed by S.Goriely
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Summary

Mass measurement of 129-131Cd

Events /(4 ns)

Lh

]

Bring further reliability in r-process
calculations

o=69.8 +2.1
-| Events = 551 23

[n=275531204 230 | i

{1z 275568462 +4.9

- Events =163 +13

c=62.7 £3.5

130Cd Beta Branching for 1.4 GK
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130Cd Beta Branching
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http://isoltrap.web.cern.ch
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http://isoltrap.web.cern.ch/

Population | — R R

Sun-like type ‘ Population Il = Globular clusters ‘

Credits: Mt. Wilson Observatory

Credits: ESA/Hubble & NASA
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Metallicity

[Fe/H] = log1o (IIVVFe)
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Credits: Brian Koberlein
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[ = data points
[ T theoretical lipe shapg

-15 -10 -5 0 5
excitation frequency v_- 1107794.1 / Hz

7
-
=
Z,
=4
(TS|
=3
sl
=
7
Z
W)
Z,
<
=~
o
S
2

T
L MAAARAAARMARAD . + / s

1, T, ()

time of flight | us

[ m data points

. theoqetical Iing shape .
15 -10 -5 0
tn /ms excitation frequency v,

Amplitude / arb. units

|
800 900




