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Jyväskylä Finland

Trap assisted spectroscopy
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114Tc 2008 
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Region of interest

Y...Ru...Pd

•structure of nuclei far from stability and closed shells

•test ground for nuclear models

•changing nuclear shapes

•close to r-process path

astrophysical site:
- supernova
- neutron stars 
  merger
- ...
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Deformation
and shapes
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γ spec.: onset of deformation in Zr 
laser spec.: shape transition in Y

59
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r-process and nuclear structure

weakening of shell structure 
-> new magic numbers (?)

r-process modelling: beta decay half-life, bounding 
energy, neutron separation energy
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Penning trap

Gas-filled, radio frequency 
quadrupole trap

Dipole magnet, 
adjustable B

Making monoisotopic beam for spectroscopy
U + protons from 
K 130 cyclotron

 

Hundreds of nuclei
produced in fission

Separation of ions 
according to A 

F = q v x B

Bunching 
and reducing 

emittance
Selecting one element 
from isobaric beam by 
mass

beam of one selected isotope

picture from a talk by A. Jokinen 

Stopping and
extraction of ions

Ion guide
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Production of exotic nuclei 
in fission

Rozszczepienie
indukowane 
protonami
o energii
20-30 MeV

Rozszczepienie
indukowane 
protonami
o energii
20-30 MeV

112Rh

mass number

Uranium target
fission induced 
by 20-30 MeV
protons
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IGISOL operation principle

thin target
SPIG
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R = 200 - 500

• stopping in He
• fast (~ 1 ms)
• no chemical 
  selectivity

p-induced U
fission products

+ IGISOL

neutron-rich isotopes 
of refractory elements
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Removing unwanted isobars

trap
-, -

coincidence
spectroscopy

isobaric beam monoisotopic 
beam

ω- magnetron 
motion

ω+ reduced 
cyclotron motion

ω_z axial 
motion

ω_c= ω- + ω+ = q B/m

Highly mass selective 
centering of ions
•quadrupole excitation ω_c    
 couples ω- and ω+ motions
•buffer gas cools fast motion
•final magnetron orbit only     
 for ions with ω_c
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Detector setup after the trap
Gamma-gamma and beta-gamma coincidences
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Evolution of 115Ru decay scheme
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Rh Kα X-
ray, β coinc.

IGISOL
trap assisted

??
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Trap separated A=115 isobars

115Ru  2006: 15    2008: 50 [ions/sec]MRP ~ 30000

I125
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JYFLTRAP versus IGISOL: 115Ru
IGISOL + JYFLTRAP

IGISOL

Ru

Rh

Pd
Ag

energy [keV]
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115Ru: IGISOL + trap + coincidence

IGISOL
singles

IGISOL 
+ trap
singles

IGISOL
+ trap

β gated

IGISOL
 + trap
β gated

γ gate 293  
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Isomeric state in 115Ru

T1/2(61.7 keV)= 76(14) ms
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Half-life of the 115Ru ground state
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1000

270(38) ms
IGISOL: 740(80) ms time base 2.0 s

(293.6 keV fed by 115Pd β - T1/2=25 s)

IGISOL +Trap:
270(38) ms, time base 0.12 s
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Analog and digital electronics

10 detector signals
  3 timing signals
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Summary for 115Ru

● 115Ru g. s. spin is most probably 1/2+
● 113Ru g. s. spin changed to 1/2+ based on β decay + 
   fission data (Eur. Phys. J. A 33, 2007)
● isomer in 115Ru T1/2=76(14) ms
● half-life of 115Ru ground state is about 300 ms
● projectile fragmentation 115Ru 405 +96 -80 ms
   F. Montes et al., PRC73, 2006
● extension of 115Ru beta decay scheme
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Beta decay of 115Rh

Ru

Rh

Pd
Ag

Beta decay chain of 
monoisotopic 115Ru samples.

1/2+ spin and parity of 115Pd g. s.
may be a hint for an oblate shape Phys. Rev. C 82, 027306 (2010)
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Future of IGISOL and JYFLTRAP 
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The End
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beta decay feeds low spin 
structures based on the g.s. 

Complementing fission data
spontaneous fission feeds
high spin structures, often
only relative energ. known 

113Ru

5/2+

1/2+

g.s. spin
change
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