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Neutron stars

e 2000 NS observed, 5% in binary systems
* Mass:1-2 Mg

e Size ~ 10-20 km diameter

* Coredensityupto5-10 p,

e Stellar remnant after a Supernova
 T(birth)~10 MeV

— Thermalization ~100 years

: — Decays first via neutrino emission then
Radiation from the pulsar PSR B1509-58 gamma

Interests of studying the Neutron Star crust with T>0:
» Cooling mechanism
* Heat capacity is mostly contained in the crust!
» Nucleosynthesis of elements beyond Fe: r-process
* Neutron star binaries: an alternative site to supernovae for the r-process
* Accretion of matter in the crust from a companion neutron star T ~1-4MeV


http://en.wikipedia.org/wiki/Pulsar
http://en.wikipedia.org/wiki/PSR_B1509-58
http://en.wikipedia.org/wiki/PSR_B1509-58
http://en.wikipedia.org/wiki/PSR_B1509-58

Neutron star crust
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Modeling the neutron star crust is possible as p<p,
* Quter crust composition defined by B — equilibrium
» T=0: crystal of nuclei, A,Z = f(depth)

Only physics input: nuclear masses!
Outer — Inner crust frontier: extremely neutron rich nuclei



Composition of the crust T=0
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R.N. Wolf et al, PRL 110(2012)041101

ISOLTRAP: mass measurement of 82Zn
Discrimination between HFB-19 and HFB-21
* ME (ISOLTRAP) = - 42.314(3) MeV/c?

* ME (HFB19) = -42.96 MeV/c?

* ME (HFB21) = -42.70 MeV/c?

Extensive comparison of mass models:
S. Kreim et al, IJMS 349-350(2013)63

Mass models:

Accuracies better than 0.5 MeV/c? are needed

Going further in giving direct constraints is
impossible



Mass excess difference (MeV)
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Accuracies of the mass models

Kr: ME(Model) -ME (AME2013)

Kr isotopic chain
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Deviations from AME (c,,,):
Duflo — Zuker: 0.42 MeV/c?
FRDM 95: 1.03 MeV/c?
HFB19: 0.77 MeV/c?



Extrapolated masses: uncertainties

See eg: PHYSICAL REVIEW C 87, 034324 (2013)

Propagation of uncertainties in the SKyrme energy-density-functional model

Y. Gao (/% )i),! J. Dobaczewski,'* M. Kortelainen,' J. Toivanen,' and D. Tarpanov?>*
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Relative abundances in the neutron star crust
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Modelisation: F. Gulminelli, F. Aymard and A. Raduta
Masses: AME 2013 and E. Chabanat et al., Nucl. Phys. A 635 (1998) 231.
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Relative abundances in the neutron star crust
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Modelisation: F. Gulminelli, F. Aymard and A. Raduta
Masses: AME 2013 and E. Chabanat et al., Nucl. Phys. A 635 (1998) 231.
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Relative abundances in the neutron star crust
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Modelisation: F. Gulminelli, F. Aymard and A. Raduta
Masses: AME 2013 and E. Chabanat et al., Nucl. Phys. A 635 (1998) 231.



>0

Relative abundances in the neutron star crust
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Relative abundances in the neutron star crust
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Modelisation: F. Gulminelli, F. Aymard and A. Raduta
Masses: AME 2013 and E. Chabanat et al., Nucl. Phys. A 635 (1998) 231.
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Mass measurements

Nuclide chart

Abundance (%)

“np |“Hp "M |THe

1 ™S

nr,
Mo

i

-

s [ Ne e [TENE | UNE [TNb

e

“zr “zr ("2r |T2r

NN

7
§

3
giwi_gg\i\\g

gy
N
ke

7 ENNXN/ KN
KD N\ /K

ECEXY R
.. .
7
= eﬂm/g/

B “er
% "se ‘"ﬁa ‘
¥ e “ag "'Au "1 ]
[oe o [Foe [P e
“aa "Ga
“2Zn

e e T

T = 500 keV Density = 1E-4 fm™

. Stable isotopes

Isotopes of interest

ISOLTRAP

JYFLTRAP

L

ISCLTRAP - under analysis

This proposal

65

70

100
90
80
70
60
50
40
30
20
10

0

12



Mass measurements

* Typical trapping time: 10 ms ISOLTRAP MR ToF MS:

° Resolving power: up to 105 R. Wolf et al., IMS 349 (2013)123

and ref therein
* Mass measurement: dm/m~5.10"/ 554 riass measUremente.
F. Wienholtz et al., Nature

5oL 498 (2013) 346-349
)rRAR(
Bradbury-N'\e\ser\ gate

{c mirror 2 .
ctrostatic M to Penning

A
m—— |
mixture of ~——eom M‘L | //\/’Tapg
different species 60 ; A \

ele!

ge0mm o P\ KR SRR
ic mirror 1 T e A . , T ‘
lectrostatic M- — AL et ] P
‘ i 460 MM — P

switched electric  deflected transmitted
potential ions ions

time-of-flight separation
in multiple revolutions

rons from ion trajectory

RFQ bunch®l

Mass measurements Photograph Courtesy : R. N. Wolf (University of Greifswald)

» intensities down to ~1pps

»~50 keV mass uncertainties Highly suited to these measurements
Identification and Yield measurement Complementary to the Penning traps
> intensities down to a fraction of pps B



Two-neutron separation energy (MeV)

The Kr chain

V. Manea et al, Phys. Rev. C 88(2013)054322
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Beam request

Yield Method Measurement time

A Element | Half life (ms) |&m (keV) (ions/puC) proposed (UT=8h)

97 [Kr 62.2 130 6500 | Penning//MR-ToF 6
98 | Kr 42.8|300# 470 | Penning//MR-ToF

99 | Kr 40| 500# 9| MR-ToF 4

100 | Kr 12 | 400# - | MR-ToF 2 (+2)
. Preparation 2
Kr beamtime Total (UT) 16

2 shifts: beam preparation, tuning FEBIAD and target parameters
Possibility of using a state of the art UCx target, tested within ACTILAB
» Carbon nanotube target
»Short diffusion time of Rb demonstrated

12 shifts: mass measurements

+2 additional ones if the mass measurement of 199Kr is feasible

Total: 16 UTs

15



Backup slides



ISOLTRAP-AME2003 (keV)

400 -

300
200

100 -

-100 -
-200
-300 -

-400 -

AME reliability

|
2 4] ‘

g of P

s I

<4 ‘ *
o

-

o 8 8 8 87

® Atomic mass number -

L

L
*
#

AME 2003 uncertainty envelope
* Difference between ISOLTRAP and AME values

84 86 88 90 92 94
Atomic mass number

Sometimes even measured data is wrong!
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