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Overview
● Neutron-rich Zr region

– Sudden onset of quadrupole deformation at N≥60

– Fast-timing of levels → insights to collectivity 

● Experimental set-up
– Isotope production and separation

– Implantation and β-decay measurement

– Fast-timing configuration:
● Beta-electron detection –  β-electrons
● Lanthanum bromide array – γ-rays

● Data analysis
– Position dependence of 

● Selected results 



  

OverviewThe Z~40, A~110 region
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Ground-state transition lifetimes

● Combined with transition energy, gives B(E2) 
values,

 
– Direct test of ground-state shell model wavefunction

– If nucleus is axially symmetric can give g.s. 
deformation
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BigRIPS 

Delay-Line PPACs: F3-F5-F7
Dual-layers
Active area: 240x150 mm2

XY res.: <0.5 mm

Bρ-TOF: F3, F5 &F7

Timing plastics: F3-F7
Thickness: 0.2 mm 
Distance: 47 m
Res.: ~50 ps
ToF: ~245 ns

FWHM: 0.005

107Zr

108Zr

Big RIKEN Projectile 
Fragment Separator



  

ZeroDegree “spectrometer”

ΔE: F3, F7 & F11

TEGIC:
24-cavity MUSIC at F11
Cavity width: 25 mm
Only anode signal used
Beta: Between F3 and F7
Fill gas: Ar-CF

4
 (90%, 10%)

FWHM:0.37

Z=40

Z=41

Z=39

F11

F10

F9

F8
Tilted Electrode Gas 
Ionisation  Chamber



  

Nuclei studied

3.77x106 104Y ions1.30x105 106Nb ions

5.0x105 102Y ions



  

WAS3ABiWide-range Active Silicon-
Strip Stopper Array for Beta and 
ion detection

TEGIC

F11 plastic

Beam

Active silicon stopper array: 
5 DSSSDs, 1 mm thick
60x40 strips, each 1 mm wide
Spacing: 0.5 mm
Pos. res.: 1 mm
Time res.: ~200 ns 

~1 m

Same-pixel correlation

Implantation distributions
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X-pixel

Y
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EURICA

Co-axial HPGe array: 
Total 84 crystals, 81 operational, in 12 clusters
Hexagonal tapered shape
Ave. distance from stopper centre:

~23 cm 
Close-pack, enables addback
Crystal dimensions:

Length = 68 mm 
Ø

front
=48.5 mm

Ø
back 

=58.9 mm

EUROBALL-RIKEN 
Cluster Array

Single 2 Singles

Addback Addback+single

Addback

Singles

Hit patterns:



  

Beta-gamma timing set-up
Beta-plastics: 
2 mm thick, 65x45 mm2 area
~1 mm up- and downstream 
of WAS3ABi
BC-418
Time res.: ~200 ps 
Efficiency: ~30%



  

Beta-gamma timing set-up

LaBr
3
(Ce) array: 

18 cylindrical crystals
Ø= 38.1 mm, length = 50.8 mm
Lead shield: passive anti-compton 
Ave. distance from array centre: 

~25 cm
Efficiency @ ~150 keV ~4%

Beta-plastics: 
2 mm thick, 65x45 mm2 area
~1 mm up- and downstream 
of WAS3ABi
BC-418
Time res.: ~200 ps 
Efficiency: ~30% Beam
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Beta-timing

● Use average of left and right PMT

– Should be position independent

– Slight dependence on x-strip 



  

Beta-timing
Before correction: 

After correction: 



  

Gamma-timing
● Does the time-of-flight to gamma-detectors 

have an effect? 

Worst case: 
Difference in implantation position 
across the diagonal: 
(42+62)0.5 ~ 7 cm 

C=3·1010 cm/s, or 30 cm/ns

Across 7 cm, the time difference is: 
T = 7/30 approx. 0.23 ns

However, based on beam spot 
diameter of ~3 cm
T = 3/30 approx. 0.1 ns 

Do we observe? 



  

Gamma-timing

● Should see time resolution increase as function 
of area used on DSSD

● Need a clean prompt transition (with good 
statistics!)

4+→2+ in 106Zr



  

Gamma-timing

● Vary DSSD area as function of pixel   



  

Gamma-timing

● Vary DSSD area as function of pixel   
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Prompt transition

● Use 160 keV transition in 102Zr 
– Gate on 152 keV 2+→0+ in EURICA 



  

Results - 104Zr
Adopted: 2.9(4) ns1

50 ps added to upper 
uncertainty, higher lying states
Predicted from others in the 
region

[1] J. K. Hwang, A. V. Ramayya, J. H. Hamilton, Y. X. Luo,
A. V. Daniel, G. M. Ter-Akopian, J. D. Cole, and S. J.
Zhu, Phys. Rev. C. 73, 044316 (2006).



  

Results 102Zr

Beta-decay populates up to 5- in 
102Zr. 
Very long, τ~6 ns, state observed 
 at least from 4-

Strong feeding from this transition 
affects the measured lifetime of 
the 2+



  

Results 106Mo

Adopted: 1.80(4) ns1

[1] R.C.Jared, H.Nifenecker, S.G.Thompson, LBL-2366, 
p.38 (1974)



  

Where have we been?

● Description of fast beta-gamma timing at RIKEN
● The considerations for using a large beam spot 
● Efficacy of array used confirmed with lifetimes 

of known states in the nanosecond regime
– In case of 104Zr the precision has been increased

– Long-lived components from rotational bands in 
102Zr identified



  

Where next?

With a full LaBr array...
Gamma-gamma from beta-decay
Or even from isomer decay? 
AIDA is at RIKEN...  



  

Thanks for collaborating...



  

… and thank you for listening! 



  

Axial symmetry?
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