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● A new plunger device for the GALILEO spectrometer @ LNL
  - mechanical constraints, construction
  - commissioning run at LNL in Feb. 2016: 
      (re-)measurement of lifetimes in 180Pt, 154Sm, 181Ta

● Recent plunger experiments at GANIL: an overview
 

● Plunger experiment of our group at GANIL: 
   „Evolution of the shell structure in the region of n-rich Ti isotopes“
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New plunger device for the GALILEO spectrometer

None of existing plunger devices can be used
→ construction of GALILEO
→ constraints in target chamber
→ usage with EUCLIDES Si detector array essential for future 
     lifetime measurements with RDDS at GALILEO: 
     particle detectors to separate weak reaction channels
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Construction of a new plunger device for GALILEO

→ Mounted inside existing 
     GALILEO target chamber.

→ Attached to upstream beam line

→ Vacuum feedthroughs for plunger 
     operation in upstream beam line

→ use of downstream part of Euclides

→ Compact construction to avoid shielding of Euclides and HPGe detectors

→ no separate piezo crystal and distance measuring system: feedback with motor solely

→ Motor: compact motor PI type LPS-24. 

Motor LPS-24
travel dist.:
15 mm
sensor res.:
20 nm

beam

40 mm
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             New plunger device for GALILEO

Plunger in GALILEO chamber, EUCLIDES detector array removed

Target cone

Degrader (+ cone)

50 m
m

Solar cell calotte: 
Compact charged particle detector 
array under backward angle



Commissioning experiment with new plunger at LNL

→ Prove the function of new plunger device in combination 
     with GALILEO and particle detectors 
→ continue very fruitful collaboration LNL – IKP Cologne. 

 3 RDDS measurements simultanously (4 days in Feb. 2016)

1. (re-)measurement of well-known lifetimes of yrast states in 180Pt with  
    154Sm(32S,6n)180Pt: known from plunger experiment of our group at JYFL.

2. measurement of absolute target – stopper distances 
    with known lifetimes of 181Ta target backing facing beam
    using Coulomb excitation 181Ta(32S,32S*) and particle-γ coincidences.

3. determination of precisely known lifetimes in 154Sm with Coulomb 
    excitation 154Sm(32S,32S*) and particle-γ coincidences. 

4. study target heating effects using different beam currents (1 pnA – 3 pnA).
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    1. Lifetimes in 180Pt, reaction 154Sm(32S,4n)180Pt 

Target: 
0.5 mg/cm2 154Sm
on 1.2 mg/cm2 181Ta

Stopper: 
10 mg/cm2 197Au

Beam: 32S
183 MeV
LNL Tandem

180Pt 
β=1.68% c
v=5 µm/ps

τ=420(20) ps

τ=2.2(0.3) ps

492.8 keV

153.3 keV

257.6 keV

346.5.2 keV

424.3 keV

175 275 375 475

Eγ (keV)

Euclides
→ anticoin-
     cidence

N-Wall

τ=36.6(1.8) ps

τ=7.7(0.9) ps
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Gate 
41+ → 21+



                2. 181Ta Coulomb excitation 

                   Target: 
0.5 mg/cm2 154Sm
on 1.2 mg/cm2 181Ta

Beam: 32S
183 MeV
LNL Tandem

181Ta 
β=2.94% c
v=8.8 µm/ps

Determine absolute distances target – stopper from precisely known lifetimes

Solar 
cell calotte

Stopper: 
10 mg/cm2 
197Au
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A. Dewald et al., 
Prog. Part. Nucl. Phys. 67, 786 (2012)

Sm

Ta

→ stable operation of new plunger device!



Recent plunger experiments at GANIL: an overview

2015

2016
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→ spectra promizing
→ in 2015: plunger instabilities due to beam instabilities



Plunger experiment on 106,108Sn at GANIL
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Plunger experiment on 94Ru at GANIL
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Lifetime and g factor measurements of 
short-lived states in vicinity of 208Pb
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Clarify shell structure 
across Z=82, N=126



Plunger experiment at GANIL (April 2016):   
„Evolution of the shell structure in the region of n-rich Ti isotopes“    
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Motivation
● Phase transition: 
  collective structures in 58Fe  
  → neutron subshell closure developing 
       for 56Cr → 54Ti → 52Ca 

● π f7/2 orbital emptied: 
  weakening of π f7/2 –  ν f5/2 
  monopole interaction
  → increasing gap ν p3/2, ν p1/2

Aim: investigate shell structure 
in neutron rich 54Ti, 55V from 
transition strengths 
between low-lying states:
54Ti: only B(E2;21  → 0⁺ 1 ) ⁺

 known from intermediate Coulex, 
⁵⁴Ti: ∆B(E2) = 17%
55V: no lifetimes / no B(πL)
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           Theoretical approaches for n-rich Ti

Rodriguez, Egido, 
PRL 99, 062501 (07)
Finite density dependent 
Gogny interaction
Shell closure for N=32
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Insufficient theoretical description of n-rich Ti
→ ⁵⁴Ti: determine yrast B(E2), 55V: transition strengths between low-lying states, ∆ ~ 10%
     → conclusive picture of evolving structure, 
     → contributions of different orbitals to 41 , 6⁺ 1  (⁺ 54Ti)

48Ti 56Ti

LNPS: S. Lenzi
    

L. Coraggio et al., PRC89, 024319 (14)
Realistic shell model, model space:
p 1f7/2, 2p3/2

n 2p3/2, 2p1/2, 1f7/2, 1g9/2, 2d5/2

Rodriguez, Egido
PRL 99, 062501 (07)
Finite density dependent 
Gogny interaction
Shell closure for N=32

54Ti
56Ti
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Experiment on nuclei in the region of 54Ti   

7.2%

10.7%

Target: 
50Ti, 1.5 mg/cm2

on 0.4 mg/cm2 
natCu fronting

Degrader
natMg
3.1 mg/cm2

ET = 5.75 MeV/u

238U
 6.76 MeV/u

βT = 12.7 %

vT = 38.1 µm/ps

βD = 11.8 %

vD = 35.6 µm/ps

ED = 3.68 MeV/u
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Target problems: caused by thermal effects?    
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Modified target shows wrinkles again. 
→ assumption: caused by change 
     of crystalline structure in 238U beam. 
→ detailed investigation will be done 
     (solid state physics)
→ feedback system data show: 
     change of structure after a short time in beam
→ analyze lifetime data: use well-known 
     lifetimes of neighboring nuclei (51,52Ti) 

 → not predicted by estimates of target temperature: 
     original target 0.9 mg/cm2 54Cr on 0.6 mg/cm2 Mg fronting 
     got wrinkles (~100 µm), same for 50Ti, self-supp. 

→ modified target to increase heat conductivity: 
     50Ti, 1.2 mg/cm2 on 0.4 mg/cm2 natCu

→ run experiment with this target, low 238U beam current: 
     3 enA = 0.1 pnA, beam diameter as large as possible

→ distances measured: 70 mm, 150 mm, 180 mm, 240 mm, 300 mm, 1000 mm
     each for 4 – 5 shifts

→ however, afterwards...



Spectra 54Ti      
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Collaboration        
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    Experimental details: The RDDS method
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If

Particle ident.
e.g. VAMOS

ES=EU⋅1 vc⋅cosΘ 

beam

HPG
e

target degrader

Eγ,fast

Eγ, slow

recoil

→ Need to know all feeders

→ Typically: unobserved feeding
      → analyse coincidence data.
     often not possible for exotic nuclei

→ Exotic nuclei: often only singles
     estimate sidefeeding effects 



                    The plunger technique
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I
fast

I
slow

γγ coincidence measurement
Eventually: consider deorientation for long flight times: 
        → flight distance of some 100 µm for v/c=0.1
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