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Correlation of fusion products 

MWPC 
(transmission
detection)

DSSD
(implantation 
detector)

Beam
(from
Cyclotron,
58Ni*)

Target
(106Cd*
or 102Pd*)

*for results shown today

40 cm

≈7 m

Recoil Separator
(MARA)

Correlations

Trigger on DSSD for 
implantation-decay 
correlations

XY stips gives the pixel. 

Single-pixel correlations

(simple)
R –  α or p

(challenging)
R – β  

(less challenging)
R – β - α

 

implanting on junction side 
(X)
300 um thick (150 um, 700 
 um also commonly used)

Focus to transmission 
detector, position sensitive

TOF



Experimental with recoil separators at JYFL   
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200 MeV Recoil => v/c = 0.05

Fusion-evaporation 
residues transported to 
focal plane for 
spectroscopy



Evaporation residue discrimination & MWPC DSSD phasespace                       
                        

M

Recoils are discriminated by:

ToF between MWPC and DSSD
Characterstic implantation energy in Si

155Lu α 
tagged, 
4 charge 
states



Experimental techniques and apparatus: Focal-plane detectors   
                                              

At target 
position

Multi-wire proportional counter (MWPC) Micron BB20 DSSD 
72 x 192 strips, 
13,824 0.45 mm2 pixels
300 um thick Si

Ge detectors 
3 BEGe & 1 Clover detectors 
outside chamber 
surrounding DSSD in close 
geometry.

Grid of 20 μm diameter gold-
coated tungsten wires, provides 
(x,y) position of recoils

All signals time stamped by 
a 100 MHz clock, 
read out individually for 
correlation analysis 

Correlations of Ɣ rays 
with implanted recoils or 
decays for around 50 us
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At target 
position

Multi-wire proportional counter (MWPC) Micron BB20 DSSD 
72 x 192 strips, 
13,824 0.45 mm2 pixels
300 um thick Si

Ge detectors 
3 BEGe & 1 Clover detectors 
outside chamber 
surrounding DSSD in close 
geometry.

Grid of 20 μm diameter gold-
coated tungsten wires, provides 
(x,y) position of recoils

Correlations of Ɣ rays 
with implanted recoils or 
decays for around 50 us

All signals time stamped by 
a 100 MHz clock, 
read out individually for 
correlation analysis 



DSSD Correlations & Calibration

Thresholds on DSSD low (≈60 keV) for 
possible conversion electrons & (limited) β 
signals

For measuring conversion electrons of 
implanted activity, good to have dedicated 
calibration. 
External α source difficult due to dead layer. 

Strips matched with 133Ba source, calibrated 
with internal 150Tm conversion electrons 
produced within 1 shift overnight

Random recoil rate (R -R) defines max 
correlation time. 

Exponential distribution, average time 5 seconds. 
Can’t correlate well beyond this time after 
implantation.

(sub-set)



Ancillary detectors (others not mentioned)

p

JYTube charged- particle detector:120 
2mm-thick plastic scintillators read 
out by SiPMs
Hexagonal cylinder geometry

p

JUROGAM3 Array: 24 Clover and 16 Phase 1 Ge detectors, 4 
angles

Beam

Only 15 Phase 1s available for these 
experiments, Clovers on holiday in 
France..
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Results : Region of interest & experimental details                       
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0.095
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2.85 s
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Dy 161
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Hf 161
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Ta 162
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111 s
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76 s
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34.4 s
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W 167
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3.4 s
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839 ms
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29.3 ms

Pt 167
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2.0 m
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50.9 s
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4.4 s
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2.1 s
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230 ms

Pt 168

2.02 ms
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74 s
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8.1 s
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3.46 s
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353 ms
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6.99 ms

Au 169
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9.2 s
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7.37 s
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910 ms
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13.93 ms

Au 170

290 us

Os 171

8.3 s

Ir 171

3.1 s

Pt 171

45.5 ms

Au 171

22.3 us

Hg 171

70 us

Ir 172

4.4 s
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97.6 ms
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28 ms
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231 us

Pt 173

382 ms
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25 ms
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910 us
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139 ms
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Hg 175

10.6 ms
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6.2 ms
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Os 160

41 us

W 156

157ms

Two different experiments at Jyväskylä, main aims were to 
study to α/p emitters of neutron deficient nuclei around 
N = 82.

102Pd(58Ni,)160W 
305 MeV, 3-5 pnA, 273 hours (12 days), (had JUROGAM)
155Lu(3p2n) 156Ta(p3n)

106Cd(58Ni,4n), 310 MeV, 6.4 pnA, 292 hours (12 days)
160Os(4n) α ->156W

β & conversion electrons
not primary aims of 
experiments, so their 
detection not optimised

82
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Results 155Lu: Background
                                              

Spin-gap isomers in N = 84 isotones

11/2- -> 23/2-  
odd πh

11/2     
(0+,2+,4+,6+) of ν(f

7/2
)2  

25/2-   (πh
11/2 

)3 νf⊗
7/2

h
9/2

Excitation energy known difference in 
alpha decays. Assumed b

α
 = 100 %.

Competing EM transition 25/2- 

→ 19/2- would be at least an 
M3, & decay with t

1/2
=2.71 ms.

Hopeless to correlate ɣ rays 
on this time scale.
Conversion electrons after 
implantation? 



Results 155mLu: Internal transition        
                                       

Recoil – c.e. - 155Lu (h
11/2

) α

229

285

Correlations of decays 
before h11/2 reveal K and 
L conversion of a single 
transition. 
25/2- → 19/2

-
  

Ratio of 25/2- α to electrons  
calculated ɣ rays gives  
branch (%)



Results 155Lu: branch & strength
                                              
Recoil – c.e. - 155Lu (h11/2) α

|

      (807 or 685 keV)ɣ

The branching ratio and multipolarites allows us to 
extract transitions strengths. 

Weiskopf estimates : 428 ms and
7300 s and M3 and E4.

Results in: 
B(M3) = 0.063 W.u. 
B(E4) = 60 W.u.

Gating on ɣ-rays “prompt” with conversion electrons results 
in clean electron spectrum. Measurement of K- and L(MM)- 
conversion  ratio allows multipolarity to be deduced. 

M3 is hindered consistent with other 
known single-particle states in in 
region.

Such enhancement of B(E4)
potentially surprising.

Fit

M3

E4
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Results 156W: Background
                                              

156W (N = 82) was expected to β decay.

Low cross section (few counts), only way to 
measure is to populate via 160Os. 

Managed to produce & measure both α-
decaying states 160Os. 

Eventually feed both α-decaying states in 
156Hf, and both proton-decaying states in 
156Ta.
(main aim of experiment)

Clean correlations allowed us to study the β-
decay properties of 156W for the first time.

Two ways to measure this half-life:
1. Time difference between 160Os α and 156mHf α, 156Ta p, not 156gHf α
2. Time difference between 160Os α and 156W β



Results 156W: Chains                    
                           

1) 156W t
1/2

= 153 (+64 -39) ms, after correcting 
for unambigous intervening decays.

2)  

3) 

  β-particle detection efficiency in single pixel ≈ 5-20%



Results 156W: Chains                    
                           

1) 156W t
1/2

= 153 (+64 -39) ms, after correcting 
for unambigous intervening decays.

2) 156W t
1/2

= 147 (+73 -36) ms, direct β detection 

3) Can combine unique data for improved 
precision:
 156W t

1/2
= 157 (+57 -34) ms

Values compare well with predicted value of 
130 ms [P. Möller, M.R. Mumpower et al.] 
 

 β-particle detection efficiency in single pixel ≈ 5-20%

Detected in 9 / 18 chains (50%). Why do we see many 
apparent β signals?

 

 



Results 156W: Feeding
                                              

156W
82

 → 156Ta
83

 

β decay feeding of N = 82 isotones dominates by favoured 
Gamov teller spin-flip transitions.

πh
11/2

 → νh
9/2

 

All lighter N = 82 isotones, 
2- state exclusively fed via E1 from 1+. 
We see feeding to both states

Cascade of highly converted ɣ rays through positive 
parity multiplet, low energy electrons sum to give 
signals! Q

β 
predicted 8.82 MeV

( )

)(
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Results 156Ta: Background
                                              

156mTa

156gTa

156Ta is first dominant Ta proton emitter (3% branch in 157Ta)

2 states known. Proton emission Q
p
 and (partial) t

1/2 
shows that proton 

is emitted from πd
3/2

 and πh
11/2 

orbitals for ground state & isomeric 
state.

Interpreted as : 
ground state: πd

3/2
 ⊗ πf

7/2 
, Jπ=(2- to 4-), coupling rules: 2-

isomeric state: πh
11/2

 ⊗ πf
7/2 

, Jπ=(9+ to 2+) coupling rules: 9+

States fed by β decay carry information on Jπ of 
the proton/β emitting states.

 
Search for ɣ rays at FP for: 

R-156g/mTa (β) -156g/mHf (α)



Results 156Ta: Results                    
                           

Only 
seen 
prompt 
at 
target 
Ge

156Hf 0+

preliminary

Intensities of ɣ rays coincident with β 
particles that feed 0+ α-decaying state in 
156Hf not quite consistent with suggested 
spins of (9+) and (2-)

Not quite enough stats for ɣɣ coincidences

Recoil-β time difference may give extra 
information on feeding..

R-156g/mTa(β)-156g/mHf(α)

156Hf 8+

preliminary

Ɣ-
gated
156Hf 0+



Results 156Ta: Results                    
                           

t
1/2

= 333 ms

t
1/2

= 106 ms

415 
gate

Time difference between recoil implant 
& β-ɣ allows measurement of the half-
lives of the states feeding.
(discuss these)

156mTa at potential 7+ assignment. 
Similar observed in 154Lu (K.S. 
Vierinen,  Phys.
Rev. C 38 (1988)). 

156gTa could be feeding both 4+ and 2+, 
work in progress to what we can 
assign here (2- or 4-).

Can be used as a tag for an in-beam 
study for the firs time..

728 
gate

β

β

β

α

Preliminary

857 
gate

8+

tagged
Hf 
X-ray
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Conlusion/Summary
                            

                  155Lu : sensitive to a weak conversion electron branch in this 
isomeric state, mixed M3/E4.

156W: change in behaviour of β decay feeding with respect to 
lighter N= 82 isotones. Low energy conversion electrons within 
multiplet enhances sensitivity to β decays.

156Ta: (preliminary) β-ɣ analysis should allow assignment of Jπ  

Further studies in this region would be benefit from dedicated β 
tracking instrumentation :)



  thanks for listening!thanks for listening!
And to my collaborators



Back up slides next



Back up: 155Lu



Back up: 155Lu

155Lu alpha spectrum. 

Contaminants of heavier Ni in 
target 

155Lu
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