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Importance of Masses for Z > 100
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high-precision mass measurements provide
e accurate absolute nuclear binding energies
e anchor points to fix decay chains

= Studies the nuclear structure evolution

= Benchmark theoretical nuclear models P (—
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Nuclear Shells: No Magic Numbers in SHE?
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Exploring the Limits of Nuclear Chart
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Principle of Penning Traps

PENNING trap « Strong homogeneous magnetic field
E e Weak electric 3D quadrupole field
1 g
- Tgim Cyclotron frequency:  fc = 5
axial motion , cyclotron motion

magnetron motion

L. S. Brown and G. Gabrielse, Rev. Mod. Phys. 58 (1986) 233 > [rm——
G. Gabrielse, Int. J. Mass Spectr. 279, (2009 ) 107 ssocnron I =om B




Complementarity of Penning Traps

Type of ISOL | CPT | SHIP | JYFL | LEBIT | TITAN TRIGA | CARIBU MLL MATS
Reacion TRAP TRAP | TRAP TRAP TRAP | @FAIR
ISOL X X x
Fusion X X Z X
IGISOL X
Fragm. X X
Neutron X )_(
induced
fission
Spontane X X
ous
fission
HCI X X
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Present Performance of PTMS for RIBs

e required yield: at present =1 particle per minute

e accessible half-life 10 ms

e relative mass uncertainty =108 (for mass doublets 10-?)
e required number of ions for a mass measurement = 30

Yield often still not the limiting factor but contaminants
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SHIPTRAP Setup
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Direct mass measurements with SHIPTRAP
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Comparison of SHIPTRAP results to the AME
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Masses of even-even N-Z2= 48 and N-Z = 50 Nuclei
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SHIPTRAP: Probing the Strength of Shell Effects

Direct Mapping of Nuclear Shell
Effects in the Heaviest Elements

E. Minaya Ramirez,>? D. Ackermann,? K. Blaum,?>* M. Block,”* C. Droese,” Ch. E. Diillmann,®
M. Dworschak,” M. Eibach,™® S. Eliseev,® E. Haettner,”’ F. Herfurth,® F. P. HeBberger,**
S. Hofmann,? ]. Ketelaer,® G. Marx,” M. Mazzocco,® D. Nesterenko,” Yu. N. Novikov,” W. R. PlaB,*’
D. Rodriguez,*® C. Scheidenberger,’ L. Schweikhard,” P. G. Thirolf,** C. Weber™

5:n(N,Z) = 2B(N,Z) — B(N-2,2) ~ B(N+2,2)
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Calculations with Skyrme Forces
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Shell Gapat N=82via §,
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Shell Gapat N=82via S,
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Shell strength towards N = 162
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TRIGA-SPEC Setup in Mainz
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Probing the Strength of Shell Effects @ ¥ =152
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TRIGA-TRAP Results 2013
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Probing the Evolution of Shell Effects @ /=152
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Accurate mass measurements with keV precision on long-lived actinides

can be performed to provide anchor points and cross check masses

obtained by other techniques
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Improvements and Extensions

e novel experiments
e trap-assisted decay spectroscopy
e in-trap decay spectroscopy
e in-trap and in-gas cell ion chemistry

e increasing efficiency, sensitivity, and
resolving power
® cryogenic gas stopper
e single-ion mass measurement scheme
e New measurement techniques



Phase Imaging Ion Cyclotron Resonance (PI-ICR)

ions

position resolution : 70 pum
active diameter

42 mm

d 4

Delay-Line Detector by Roentdek GmbH

Position sensitive detector

y (um)

ToF (us)

X (Hm)
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Phase Imaging Ion Cyclotron Resonance (PI-ICR)

Delay-Line Detector by Roentdek

=

ions EmEE [ =omm II}

Independent Measurements
J of Eigenfrequencies v, and v.

_ Determination of the
spatial distribution

Radial excitation

Radial excitation followed
by a phase accumulation time
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Phase Imaging-Ion Cyclotron Resonance Method

preparation trap measurement trap
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Phase Imaging-Ion Cyclotron Resonance

—
-
-

—

o

Ch
—— *

- 1.0077478353
o
—he
-
>
e
>
—
- S
= —
e
S
g
-
—a
—F—
-
e

[ ]
— i
-
1 1 L] L] I L] |

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16
number of ratio
129Xe-130Xe mass difference Amg,prraprsy= 180(240) eV
Improved performance compared to conventional method:
* 40x gain in resolving power
« 5x gain in precision
S. Eliseev et al., Phys. Rev. Lett. 110, 082501 (2013) ¢ Thssocron 1w Tom WL



Phase Imaging-Ion Cyclotron Resonance

Outstanding performance of PI-ICR technique
dm = 107 for stable xenon isotopes demonstrated
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Future at FAIR: MATS
TDR approved by FAIR STI in May 2010
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Ion traps are powerful tools for nuclear structure studies

mass measurements for yields of =~ 1 / min demonstrated
novel techniques increase sensitivity, resolving power, and accuracy
Powerful tool to track shell structure evolution

precise Manipulation and purification of samples for trap-assisted
decay spectroscopy (state-selected beams) possible

push towards more exotic (short-lived) nuclides at next-generation
RIB facilities

Thank you for your attention !
oo g g L



The SHIPTRAP collaboration 2010
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Preparing Rare Isotopes for Precision Experiments

Task: prepare rare isotopes of all elements for experiments at low-energy in

a fast, universal, and efficient way
Purification High-quality
Gas stopper — Cooling — Low energy

Bunchin ion beam
High-intensity __, Target _ Separator / ?

Accelerator station Chemical
separation
Gas RFQ I:’Purii_‘icafli_on EBIT . Purified
stopper — cooler enning 'rap _, charge — oS0 _, Low energy
and/or Penning Trap Beam for
or buncher MR-ToF breeder
ISOL -To Decay Spec
source

A0 CTITO SULLTOoOOoTUITy CTITIPIVYyTU QU CATrTuu/ Arygurinic, Oriir 1mNAr /aol,

IGISOL/JYFL, LISOL/Louvain-la-Neuve, and for fragment beams at

NSCL/MSU, RIKEN, FRS/GSI P Jo—
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TRAPSPEC: Trap-assisted Spectroscopy

Penning Traps Detector
i [ I Superconducting
magnet .
_ Diaphragm f
[==) =R =] . (=] =]
(===l . m m
b MCP
<] detector
(ToF)
Purification trap

“Measurem 1 (00% transmission!

Silicon box

N

I
o

Focussing
tube

TRAPSPEC

E

Cluster- and
Clover—-type
Ge detectors

Penning trap as high-resolution mass separator
to prepare state-selected pure sample

M. B, D. Ruaolph et al. ¢ Thssocuron 1w = T




TRAPSPEC — Decay studies 213Ra
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TRAPSPEC — State selection by half-life

195Pg =
Ty, =192s

— 6.4 sec

(13/24)

-
o

Counts /10keV

E_ =6.84 MeV
Ty, =4.64s
(3/2°) 7
E, =6.64 MeV
5500 6000 S energ?/S(cl](gw 7000 7500

a-spectrum for different storage time in the Penning trap:

» short-lived state decays

» oi-daughter not captured due to high recoil

« preparation of a single state

* in addition: mass spectrometric cleaning possible

L.-L. Andersson al., GSI Scientific Report, NUSTAR-SHE (2011) F veomour: iI= 5= 1L
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JYFL: Fission Ion Guide technique

Based on survival of primary ions from nuclear ) i i iaai
reaction in helium bufer gas All ions come directly from fission

Fast extraction of ions is required to prevent lon rate corresponds to the independent
neutralisation fission yield -
Charge state concentration: (0), +1, (+2) no™) accumulation effects

lon formation Independent of chemistry
Produces ions of any element
Millisecond time scale
Very small decay losses

No gaps in the systematic studies

Study the most neutron rich nuclei produced
in the fission (isobaric background usually
sets the limit)

Target

SPIG *
electrode

Beam




JYFL: Fission Yields with Penning Traps

7] tepg Azt Based on unambiguous identification of isotopes by their
mass only.

No further knowledge on e.g. decay is needed
Fast

Yield of long-lived and stable isotopes can be
Reference spectrum A=115 determined

r Fit results for Pd

ey A6 F 1200
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Eur. Phys. J. Special Topics 150 (2007) 317
Nucl. Instr. and Meth. A 576 (2007) 371 20
Eur. Phys. J. A44 (2010) 140 . -
Eur. Phys. J. A48 (2012) 43 .
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JYFLTRAP: Multiple loading: Ex. T,,,(%°Si)

e Bbeta counting -> requires a clean sample

e Measurement cycle requires 25 s decay period

e Accumulation in RFQ, bunches sent to purification trap

e Purification trap saturates in 300 ms -> use multiple loading

In 25 s 8 cycles and 6-7 times more 26Si than in single loading

800 Py
o 700
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t 500
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o
o 400
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JYFLTRAP data in 132Sn region
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Indicators of Nuclear Structure Evolution

_______ Drm line _______________f;t!ii?‘?'_‘:'__
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J. Erler et al., Nature 486, 509 (2012) Neutron number, N




Nuclear Structure in Neutron-rich Nuclides

Masses of neutron-rich calcium isotopes measured by ISOLTRAP
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Nuclear Structure in Neutron-rich Nuclides

Mass measurements
by ISOLTRAP
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