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Outline

Introduction and motivation

Principle of laser spectroscopy
and mass spectrometry

Recent results

Summary and outlook
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Nuclear ground state properties

What do we learn?

Charge Radii

nuclear structure: nuclear charge distribution,

deformation

Spins,
Moments

microscopic nuclear structure: wave functions,

coupling of nucleons, configuration mixing, shell
structure
macroscopic nuclear structure: deformation

Masses

nuclear binding energy
basic test of nuclear models
nuclear structure: shell closures, pairing, onset of

deformation, drip lines, halos




= ¢
= »
migé
=T
7 A~
<3
O 3

@)
23
7

=4
go

ey

particles at nearly rest in space relativistic particles

* jon cooling * long storage times
* single-ion sensitivity * high accuracy
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] Discovery of new isotopes
NG § and isomers.

<4—— time after injection (320 ms/spectrum)

evo utlion frequéncy - 2:1'5?952 [kHz] Revolution frequency — Hf PhyS . ReV. Lett. 105 (2010) 172501



Vorführender
Präsentationsnotizen
thermal equilibrium: Ion acts as serial LC- circuit and shortcuts tank circuit




Ultra-high resolving power

normal resonance high res. resonance

84Er and '%4Dy are not resolved 164Er and %Dy are resolved
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A resolving power of 108 has been demonstrated
In a Penning trap.




High-precision
Penning trap and laser experiments
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Determination of atomic and nuclear ground state properties:
masses, binding energies, g-factors, nuclear moments, radii




S\
B Applications of precision masses

High-accuracy mass measurements allow one to determine the atomic
and nuclear binding energies reflecting all forces in the atom/nucleus.

=N-Q +z- Q +z- ©

— binding energy
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neutron T + Zem
- (Batom T Bnucleus)/C2

electron




SN
B Principle of Penning trap mass spectrometry

PENNING trap

+ Strong homogen.
magnetic field

+ Weak electric 3D
quadrupole field

Cyclotron frequency:

Typical freq.
q=¢
m=100u
B=6T

= f=1kHz
f. = 1MHz
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(3) TOF measurement

MCP
O Detector 390 1

A

360:
(2) Energy conversion .
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ion motion

Determine atomic mass from frequency ratio fc,ref _ m-m,

with a well-known “reference mass”. fc mref - me
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B Principle of collinear laser spectroscopy

electrostatic charge exchange cell (Na)
deflection

ion beam

E,<60 keV o electrostatic lenses

: excitation & observation reg.
for retardation

laser beam “owm
fixed frequency

Isotope shift
= Frequency difference in an electronic
transition between two isotopes
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Avis = Avys + AVgs

/ \ photo multiplier
Mass Effect

Avys ~ (A-A)/AA! ZTCTZ [y(0)[25(r2) Field shift




TRIGA-SPEC: TRIGA-LASER + TRIGA-TRAP

project start @ TRIGA: 01/08
start off-line data taking: 05/09

’f‘lu}r’" 1 pe ‘ / Jos

tﬁ%""‘m 7 ECR_‘i_On source
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4 a.‘;u &L TR|GA LASER’ \3 S
; \ W. Nortershauser : P \L———*ﬁ*ﬁ\""
& ﬁlGA Ma\z =)

» | ‘b\ "

N Trauatmann

steady 100 kW,
pulsed 250 MW,
neutron flux 1.8x10' / cm?s

Nucl. Instrum. Meth. A 594, 162 (2008)




Isospin Symmetry
Pairing

Exotic decays

Fundamental
Interactions ‘ ISOLTRAP

JYFLTRAP
LEBIT
TITAN
CPT
SHIPTRAP

= -
, Magic Numbers
Shell Evolution

Halos and Skins http://isoltrap.web.cern.ch/isoltrap/database/isodb.asp
http://research.jyu.fi/igisol/lJYFLTRAP_masses/
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Nuclear structure studies

Mass surface covered
with the time-resolved
Schottky Mass

Spectrometry 82

Isospin Symmetry
Pairing

r-process
Exotic decays path
Fundamental

Interactions

Mass surface covered
with Isochronous Mass
Spectrometry

Magic Numbers
Shell Evolution

Halos and Skins I ~ 1100 ESR mass measurements
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Investigation of nuclear halos

... Via nuclear mass (binding energy) and
charge radii measurements!

®8He
P. Mueller et al., PRL 99, 252501 (2007)
V.L. Ryjkov et al., PRL 101, 012501 (2008)

R. Neugart et al., PRL 101, 132502 (2008)
M. Smith et al., PRL 101, 202501 (2008)

11Be:

W. Nortershauser et al., PRL102, 062503 (2009)
R. Ringle et al., PLB 675, 170 (2009)

17Ne:
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1"Ne = 50 + 2p Borroméische Ringe

Argonne, GANIL, GSI, ISOLDE, TRIUMF




characteristic properties of nuclear halos
large matter radius weakly bound increased charge radius

= Pb 9Li +2n
———= 375keV

11 0 keV probing halo

neutron — nucleus interaction

T T T T T
Experiment

Interaction cross section (Tanihata)
Greens-Funct. Monte-Carlo Calcul.
Fermonic Molecular Dynamics
No-Core Shell Model
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Nuclear Charge Radius (fm)

Be Isotope 1Be: Phys. Rev. Lett. 102, 062503 (2009)

. Size" and structure determination of the neutron halos in 11.12Be
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Optics
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beam
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Dye Laser
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Be spectroscopy — laser system
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Beryllium: Nuclear Charge Radil

| ' | ' | ' | ' | ' | ' | ' |
FMD-Calculations by T. Neff et al. |—o— 2008 - D1
—e— 2010 - D1
—a— FMD
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COLLAPS (ISOLDE) A. Krieger et al., Phys. Rev. Lett. 108, 142501 (2012).




Halo mass mass measurements

Motivations:
1) guide nuclear theory and refine our understanding of the nucleus
2) mass is the major contribution to the charge radius error

@ masses measured at TITAN

&m/m ~ 7x1078

1 Ty =85ms |- 5 prf::tr.?n B "*B B |'°B | ,bound
1 r dripline _ = nucleus
. N & A 4 ‘be Be/'“Be| ‘Be
i i i 9\1(]
+ ! 8

'IZ]L-l

7 unbound nucleus

5 6 [ one proton halo

one neutron halo
2 \ neutron [
two neutron halo

[ four neutron halo
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dripline
T T » N

-100 -50 0

Vgr = 5,147,353.46 [Hz]

Ab-initio methods points to the need of 3-body interactions in order
to explain both the binding energy and charge radius of halo nuclei.

TITAN (TRIUMF) e.g. V.L. Ryjkov et al., PRL 101, 012501 (2008), M. Smith et al., PRL 101, 202501 (2008)
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145 150 155 160 165 17C
mass number

SHIPTRAP: First direct mass
measurement beyond the proton dripline.

C. Rauth et al., Phys. Rev. Lett. 100, 012501 (2008)
M. Dworschak et al., Phys. Rev. Lett. 100, 072501 (2008)
W. Geithner et al., Phys. Rev. Lett. 101, 252502 (2008)

™ 12000 -

10000 -

""" °py  new ISOLTRAP data
124 126 128 130 132 134 136 138 140 142 144
Neutron Number

8000

CPT/ISOLTRAP/JYFLTRAP/LEBIT/TITAN:
Investigation of shell closures, halos, ...

B. Cakirli et al., Phys. Rev. Lett. 102, 082501 (2009)
D. Neidherr et al., Phys. Rev. Lett. 102, 112501 (2009)
S. Naimi et al., Phys. Rev. Lett. 105, 032502 (2010)




Nuclear masses and 3N-forces

New neutron-rich Ca and K masses.
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Calculations including three-nucleon
(3N) forces by A. Schwenk et al.

NI P/ AU N B R

Neutron Number N

TITAN (TRIUMF) A.T. Gallant et al., ArXiv 1204.1987v1 (2012).
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—o—S, (32<Z<44)
—o—S, (Z=136) 4 Z =42 (Mo)}

+ ISOLTRAP Z =41 (Nb)
i Z =40 (Zr)

Z=39(Y)
z=38(sn) |
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* End of phase transition region reached:
critical-point boundary

» Supported by charge radii measurements

. . S. Naimi et al., Phys. Rev. Lett. 103, 032502 (2010)
ISOLTRAP (ISOLDE) IGISOL (Jyvaskyla) . cheal et al., Phys. Rev. Lett. 102, 222501 (2009)




Photon background dominated by continuous
laser scatter - bunched beams

%5:

End plate potential

|ldea: A. Nieminen et al., PRL 88 (2002)

| <= |Jngated

/ Gated (64us - 70us)

Background suppression
50ms / 6us = ~104
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Photon Counts

5000 500 1000
Frequency relative to centroid (MHz) COLLAPS (|SOLDE) IGISOL (Jyvéskyla)




Isotope shifts in Cu and Ga

2
™ p3/2(fsi2) Spin 3/2, 5/2

inversion

% (_};il_m A §_/22
: ‘G.a.,«’\ I M/Z{
- Ga j\Ax 1/2- <= Spin 1/2 col.
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Sudden nuclear structure changes between N=40 and N=50
7L73.75Cu: Phys. Rev. Lett. 103, 142501 (2009); 67-81Ga: Phys. Rev. Lett. 104, 252502 (2010)




Aef., e.g., R.B. Cakirli, et al., PRL94(2005)082501

&Ven /keV

1 100-150 250 - 300
Bl 150 - 200 300 - 350
200-250 - 350
1 1 1 | 1 1 1 1 | 1 1 1 | : | | | | : | | | | : | 1 ]
125 130 135 140 145 ﬁEILEF:F segulenfl;r?g
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P-n interactions are sensitive to the spatial overlaps
of the proton and neutron wave functions



Vorführender
Präsentationsnotizen
The mass excess value of 208Hg has been determined (-13265(31) keV).

The production cross section of 208Hg in this reaction has been estimated with the EPAX2 formula and amounts to only 1.5 microbarn. 

The 208Hg has been observed only in one injection into the ESR as a H-like ion.

The new mass value of 208Hg has to obtain the dVpn for 210Pb


—

ESR Schottky mass measurement 5o F{HB4+

2
—_

208
Hg?'9+
137,52+
= ||

1 .JJ.: i b ﬂ.ﬂl .IhL |
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Noise power density [arb. u.]

ESR (GSI)



Vorführender
Präsentationsnotizen
The mass excess value of 208Hg has been determined (-13265(31) keV).

The production cross section of 208Hg in this reaction has been estimated with the EPAX2 formula and amounts to only 1.5 microbarn. 

The 208Hg has been observed only in one injection into the ESR as a H-like ion.

The new mass value of 208Hg has to obtain the dVpn for 210Pb


~

Proton number

&Ven /keV
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Bl 150200 300 - 350
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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)
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Excellent agreement on a few 10 keV level!

D. Neidherr et al., PRC 80, 044323 (2009)
ISOLTRAP (ISOLDE) M. Stoitsov et al., PRL 98, 132502 (2007)



Vorführender
Präsentationsnotizen
May be you can combine this with the ISOLTRAP data on Rn etc.


Direct mass measurements on No and Lr

M. Block et al., Nature 463, 785 (2010)
M. Dworschak et al., PRC 81, 064312 (2010
CHART OF THE NUCLIDES
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‘ Summary

Atomic physics techniques are an ideal tool for the
precise determination of nuclear ground state
properties for nuclear structure studies!

Tools: lasers, Penning traps and storage rings
Observables: charge radii, masses, moments, spins

Nuclear structure:

- Halos and skins

- Magic numbers and shell evolution
- Pairing, onset of deformation

- Stability of superheavy elements
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Thanks a lot for the Invitation
and your attention!

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