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ExperimentalExperimental approachesapproaches on on massmass measurementsmeasurements
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PERFORMANCE: 
R = 106 ... 107

m/m = 10-7.. 10-8

T1/2 > 100 ms
Eff. = 40 %

PERFORMANCE: 
R = 106 ... 107

m/m = 10-7.. 10-8

T1/2 > 100 ms
Eff. = 40 %

Resonance frequency measurement Resonance frequency measurement –– the timethe time--ofof--flight techniqueflight technique
M. König et al, Int. J. Mass. Spec Ion Proc. 142 (1995) 95
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TrapTrap performanceperformance (ENAM 2004)(ENAM 2004)

(D. Lunney)
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TrapTrap performanceperformance (ENAM 2008)(ENAM 2008)

(D. Lunney)
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JYFLTRAP JYFLTRAP massesmasses and AME2003and AME2003
Neutron-deficient

 

nuclei Neutron-rich

 

nuclei

http://research.jyu.fi/igisol/JYFLTRAP_masses/
AME2003, G. Audi et al., NPA 729 (2003) 337
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Mass predictions for Z=55Mass predictions for Z=55
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JYFLTRAP JYFLTRAP massesmasses vsvs predictionspredictions

S. Goriely

 

N. Chamel

 

and J. M. Pearson, PRL 102 (2009) 152503
”…

 

Crossing

 

the 0.6 MeV accuracy

 

threshold

 

…”

[6] G. Audi, et al. Nucl. Phys. A729, 337 (2003).
[12] http://research.jyu.fi/igisol/JYFLTRAP_masses/

HFBHFB--1717
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ImpactImpact of the new data, of the new data, e.xe.x. S. S2n2n valuesvalues

S2n (N,Z) = B(N,Z) –

 

B(N – 2,Z)
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IGISOL:   
E ~ 40 keV, E ~100 eV

DC-cooler:  E < 1 eV
transmission > 60%

Buncher: 
Accumulation time 10 ms - 10 s

Buffer gas cell, pHe ~ 0.1 mbar

Deceleration
Collisional cooling in an 

RF-quadrupole Acceleration

Beam in Beam out

40 kV

Turbo pump
500 l/s

Turbo pump
1300 l/s

Turbo pump
900 l/s

High vacuum 10-6 mbar

Intermediate vacuum 10-4 mbar Electrodes

HV isolator

Laser 
beam

174Hf

2·104 improvement of SNR !

CollinearCollinear laser laser spectroscopyspectroscopy withwith bunchingbunching
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COLLAPS & ISCOOL for COLLAPS & ISCOOL for GaGa at ISOLDEat ISOLDE
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76Ga at 417.3 nm, 4p 2P3/2

 

→ 5s 2S1/2

The power of bunching the ions with ISCOOLThe power of bunching the ions with ISCOOL
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seen
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73Cu & 75Cu,

K.T. Flanagan
 

et al., PRL 103
(2009) 142501)

Not
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predicted
 

by
any

 
theory

N=50

N=40

Spectroscopy of Spectroscopy of GaGa (Z=31) odd A isotopes(Z=31) odd A isotopes
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P. Campbell, Hyp. Int. 171 (2007) 143
B. Cheal, PRL 102 (2009) 222501 (Nb-case)
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OpticalOptical pumpingpumping in the in the coolercooler
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et al., Phys. Rev. Lett. 102 (2009) 222501
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Nuclear structure physics around Z~40, N~60Nuclear structure physics around Z~40, N~60
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*Calculations

 

(HFB mean

 

field) by

 

R.R. Rodriguez-Guzmán

 

(April

 

2009)
See

 

also: PRC 78 (2008) 034314
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SS2n2n : a probe of nuclear structure ?: a probe of nuclear structure ?
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Motivation: 132Sn as r process ‘waiting-point’, 
previous experimental evidence for N=82 shell quenching

Method: ‘classical’

 

ToF

 

resonance
To suppress isobars: measured as molecule X+34S

M. Dworschak et al., PRL 100, 072501 (‘08)

Restoration of N=82 gap

neutron shell gap

132Sn

132,134132,134Sn and N=82 Sn and N=82 shellshell gapgap
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T1/2

 

≈100 ms

JYFLTRAP

ISOLTRAP

NeutronNeutron--rich masses close to rich masses close to 132132SnSn
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Non-empirical nuclear energy functionals, pairing gaps and odd-even mass differences
T. Duguet

 

and T. Lesinski, in arXiv:0907:1043v1 6 July 2009

(3)(N) = (-1)N/2 [E(N+1) -

 

2 E(N) + E(N+1)]

”empirical”
”microscopic”

PairingPairing gapsgaps closeclose to N=82to N=82
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MassesMasses of of 1111Li and Li and 88HeHe

Me

 

(11Li,T1/2 = 8.8 ms)
TITAN @ TRIUMF
M. Smith et al.,
arXiv:0807.1260v3
[nucl-ex] 21 Jul

 

2008

Me

 

(8He,T1/2 = 119 ms)
TITAN @ TRIUMF
V.L. Ryjkov

 

et al., 
PRL 101 (2008) 012501
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J. Hakala et al. PRL 101 (2008) 052502
+ 81Zn: S. Baruah

 

et al., PRL 101 (2008) 262501

EvolutionEvolution of N=50 of N=50 shellshell gapgap

M. Bender et al. PRC 78 (2008) 054312
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Exp. masses

 

of 72Kr, 73Kr and 74Kr
+ masses

 

for 73Rb and 74Sr from

 

CED 

ISOLTRAP

:. Delay

 

in rp-process

 

> 80 % of T1/2

72Kr strong

 

waiting

 

point

7272Kr Kr –– strongstrong waitingwaiting pointpoint

CPT @ ANL:
68Se:   J. A. Clark et al.,

PRL 92 (2004) 192501
64Ge:  J. A. Clark et al., 

PRC75 (2007) 032801(R)
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Sr (38)

Zr (40)

35 36 37 38 39 40 41 42 43 44 45 46N 47 48 49 50 51 52 53 54 55 56 57 58 59

Y (39)

Nb (41)

Mo (42)

Tc (43)

Ru (44)

Rh (45)

Pd (46)

Ag (47)

Cd (48)

In (49)

Sn (50)

Sb (51)

Te (52)

I (53)

Xe (54)
N=Z

JYFLTRAP 2007 (58Ni + 58Ni)

T1/2

 

> 10 ms, m > 10 keV

stable nucleus

JYFLTRAP 2006 (40Ca + 58Ni)
C. Weber et al., arXiv: arXiv:0808.4065v1 [nucl-ex]
A. Kankainen et al., PRL (2008) in press

JYFLTRAP 2005 (32S + 58Ni)
A. Kankainen et al., EPJA 29 (2006) 271

T1/2

 

> 10 ms,
Unknown mass

JYFLTRAP 2006 (p/3He + natRu/106Cd)
V.V Elomaa et al. (2008) to be

 

submitted

RpRp-- and and pp--process studiesprocess studies
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Final abundances in the Final abundances in the npnp--processprocess
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equation:

A. Kankainen et al., EPJA 29 (2006) 271 JYFLTRAP/SHPTRAP data: C. Weber et al., arXiv:0808.4065v1 [nucl-ex]

88Tc mass 1031 keV

 

higher than in AME2003 


 

87Mo(p,γ)88Tc suppressed
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SnSbTeSnSbTe--cycle: End of the cycle: End of the rprp--process ?process ?
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Physics of Physics of superallowedsuperallowed beta decaybeta decay

R

 

radiative

 

correction
f(Z,QEC

 

) ~1.5 %
C

 

-NC

 

isospin

 

symmetry breaking correction
f(nuclear

 

structure), 0.3-0.7%
R

 

nucleus-independent radiative

 

correction
f(interactions),  ~2.4%

Exp. parameters

 

to be

 

determined:
Beta

 

decay

 

half-life

 

T1/2
Beta

 

decay

 

branching

 

ratio

 

Ib
Decay

 

energy

 

QEC

Conserved

 

vector

 

current

 

hypothesis:
ft should

 

be

 

constant
One

 

can

 

deduce

 

Vud

 

by

 
combining

 

beta

 

decay

 

and 
muon

 

decay

 

data

  
)1(2

1)1( 2
RV

NSCR G
KftFt


 

Single nucleus: determination

 

of 

Many

 

transitions: Check

 

if

 

Ft

 

is constant


 

Test

 

of the CVC


















































b
s
d

VVV
VVV
VVV

b
s
d

tbtstd

cbcscd

ubusud

'
'
'

B meson

 

decays

Kaon decay

Superallowed

 

pure Fermi

 

transitions
Neutron

 

decay
Pion

 

beta

 

decay

very

 

small

small> 99 %)1(2
RVG 

2

2
2

G
GV V

ud 

Unitarity

 

test

 

of CKM-matrix

Cabibbo-Kobayashi-Maskawa

 

quark

 
mixing

 

matrix:



Nordic – FAIR, Björkliden, Mar-2010

Hardy 1990

Hardy 2005

Hardy 2009
Naviliat

 

&Severijns,
PRL 102 (2009) 142302

Vud

CKM

Most

 

precise

 

value

 

for Vud
from

 

nuclear

 

beta

 

decay

 

!!!
Its2

 

contribution

 

> 95 %
SUM=Vud

2+Vus
2+Vub

2

New New QQECEC --valuesvalues, , VVudud and and unitarityunitarity testtest

QEC

Ft-systematicsT. Eronen et al., PRL (2009) in press
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Method: ‘classical’
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A new isotope of radon discovered: 229Rn7 new masses with <20keV,
All never measured directly before

Discovery of a new isotope Discovery of a new isotope 229229RnRn

(M. Kowalska)
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DiscoveryDiscovery of of nuclearnuclear isomerisomer at LEBIT at LEBIT 



 

LEBIT at NSCL


 

First

 

trapped

 

ions

 

from

 

projectile

 
fragmentation: G. Bollen

 

et al, PRL 96 
(2006) 152501



 

Fragmentation

 

of 130 MeV/u 76Ge 
primary

 

beam

 
 Fe

 

and Co

 

fragments

 

with

 

an energy

 
of 86 MeV/u

M. Block et al,
PRL 100, 132501 (2008)
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InIn--flight fragmentation flight fragmentation –– towards MATS and towards MATS and LaSpecLaSpec
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All elements
 

produced chemically non-selective:
 

T1/2 ~ 1 s

Thin
Target

0.1 -
 

1 GeV/u

Heavy Ions
Electromagnetic

Separation
Fragment Separator

Low Quality
 High-Energy

Ion Beam

Optical and ion trap techniques developed mainly at ISOL 
facilities have provided nuclear (ground) state properties 
decades. LaSpec+MATS

 
offers the possibility to make these 

studies at the limits of stability and lifetime.

High energy
low

 

quality

InIn--flight fragmentation flight fragmentation –– towards MATS and towards MATS and LaSpecLaSpec



Nordic – FAIR, Björkliden, Mar-2010

energy
buncher

HISPEC
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Layout at the Low Energy BranchLayout at the Low Energy Branch
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Gas
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section
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Multi-reflection

 

TOF mass
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Top view

Overview

EBIT

Spectroscopy
stationPenning

 

traps

Layout of MATS and Layout of MATS and LaSpecLaSpec experiments (TDR)experiments (TDR)
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http://www.gsi.de/forschung/ap/projects/laser/survey.html

Clusters and Halos

Refractory

 

Elements 
around

 

Shell Closures

Further

 

away
from

 

Stability

Towards

 

Superheavy
Elements

H.-J. Kluge

 

& W. Nörtershäuser, Spectrochimica

 

Acta B 58 (2003) 1031.
J. Billowes

 

& P. Campbell, J. Phys. G 21 (1995) 707.

Present status and Present status and LaSpecLaSpec regions of interestregions of interest
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MATSMATS--LaSpecLaSpec statusstatus



 

TDR has

 

been

 

submitted

 

(to be

 

published)


 

Working

 

collaboration

 

with

 

responsibilities


 

LEB hall

 

in module

 

4, a construction

 

plan

 

and schedule

 

for 
modules

 

0-3


 

R&D work

 

in progress:


 

Gas

 

cell

 

(KVI, Giessen, JYFL)


 

TRIGA laser and trap

 

setups

 

(Mainz)


 

RFQ, optical

 

manipulation, …

 

(JYFL)


 

Detector

 

trap

 

(LMU)


 

FT-ICR (Heidelberg)

Optical and ion trap techniques developed mainly at ISOL facilities 
have provided nuclear (ground) state properties decades. 
LaSpec+MATS

 

offers the possibility to make these studies at the 
limits of stability and lifetime.
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