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Overview

Neutron-rich Zr region

- Sudden onset of qguadrupole deformation at N=60
- Fast-timing of levels — Insights to collectivity

Experimental set-up

- |sotope production and separation
- Implantation and [3-decay measurement
- Fast-timing configuration:

« Beta-electron detection — [(3-electrons
e Lanthanum bromide array — y-rays

Data analysis
- Position dependence of
Selected results
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Ground-state transition lifetimes

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

",I-

BEL, 1 > 1) = oo [, 101 v

(21+1

- Direct test of ground-state shell model wavefunction

- If nucleus is axially symmetric can give g.s.
deformation

B = (47 /3ZR])[B(E2)}/e*]"2.



Accelerator system

fixed-frequency Ring Cyclotron | (P32U): ~10 pnA
Intermediate Ring Cyclotron Final E___: 345 MeV/u

Superconducting Ring Cyclotron Production target: 3-mm-thick Béil s-cattering with SCRIT
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Big RIKEN Projectile
Fragment Separator

BigRIPS

1st stage (2-bend FRS)

+ Production and
'Tagged RI-beams' 'Cocktail beams' { Separation of RI beams
- -—
F7 F3 F2

Isotope
separation / -
Target
2nd stage (4-bend FRS) ;Vedgg : X
Tagging of RI beams R T from SRC
Bp-TOF: F3, F5 &F7 Anode
Delay-Line PPACs: F3-F5-F7 Fromaste ol
Dual-layers b e ? B RMS 00
Active area: 240x150 mm? o: r FWHM: 0.005
XY res.: <0.5 mm Fitting 80|~
Timing plastics: F3-F7 A cool
Thickness: 0.2 mm Cathode b
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Res.: ~50 ps — = e
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ZeroDegree “spectrometer”

Tilted Electrode Gas
lonisation Chamber

AE: 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, (90%, 10%)
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Atomic charge

Nuclel studied
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Sty Stopper anay for e and | VVASSABI

ion detection

Same-pixel correlation

Active silicon stopper array:
| 5 DSSSDs, 1 mm thick )
P | 60x40 strips, each 1 mm wide n
il Spacing: 0.5 mm » RS
Pos. res.. 1 mm t
Time res.: ~200 ns

1 mm
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EUROBALL-RIKEN FURICA

Cluster Array

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
@ . =48.5mm

@D, ., =58.9 mm

Hit patterns:
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Beta-gamma timing set-up

Beta-plastics:

2 mm thick, 65x45 mm? area
~1 mm up- and downstream
of WAS3ABI

BC-418

Time res.: ~200 ps
Efficiency: ~30%




Beta-gamma timing set-up

Beta-plastics:
2 mm thick, 65x45 mm? area

~1 mm up- and downstream
of WAS3ABI

BC-418

Time res.: ~200 ps
Efficiency: ~30%

'

Beam

LaBr (Ce) array:

18 cylindrical crystals

@= 38.1 mm, length = 50.8 mm

Lead shield: passive anti-compton

Ave. distance from array centre:
~25Ccm

Efficiency @ ~150 keV ~4%




Beta-gamma timing set-up

PF

Beta-plastics:
2 mm thick, 65x45 mm? area

~1 mm up- and downsiream
of WAS3ABI %/
BC-418

Time res.: ~200 ps
Efficiency: ~30%

inti-compton

Ave. distance from array centre:
~25cm

Efficiency @ ~150 keV ~4%




Beta-timing

» Use average of left and right PMT

Tsr + 1R
2

AT =

- Should be position independent
- Slight dependence on x-strip
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Before correction:

AT [ns]
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4.5 cm

Gamma-timing
* Does the time-of-flight to gamma-detectors
have an effect?

Worst case:

Difference in implantation position
across the diagonal:

(4%+6%)%° ~ 7 cm

C=3-10* 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!) £ A+ i 1067
— Z" 1IN I

2 6=0.340(4) ns

_||"

Counts/10

10°E

o0
O
T i T

103—

O_W”Wwww

0 200 400 800 1000
Energy [keV]

Counts/4 keV

N
o
|




Counts/100 ps

» Vary DSSD area as function of pixel

Gamma-timing
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» Vary DSSD area as function of pixel
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Counts

Prompt transition

e Use 160 keV transition in 1027y

- Gate on 152 keV 2+- 0+ In EURICA
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Counts/4 keV

Results - 14Zr
TRI2D =290""ns | Adopted: 2.9(4) ns!
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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



Atomic number

44
43
42
41
40
39
38
37

Where next?

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

E(2* -47)/E(27))

£
o 2
E\ L
£ 1
m [
0
- r v v e e ey by |
5156 58 60 62 64 66 68 70 72 74
Neutron number
2+ Axially symmetric
2
4+ 2"
1 2 -
2+ Gamma-soft
5 B
2+
1

S, (N) arb. units

S, (N)=E_(N+1)-E_(N)
(phase change)
VG,

= =

54 56 58 60 .

Neutron-number



£, number of protons
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