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Scientific motivations

• The position of the drip line of 
the oxygen isotopic chain is 
reproduced by introducing the 
3N forces.
• The location of the drip line 

changes from  the d3/2 orbital 
(N=20, 28O) to the s1/2 (N=16, 
24O).
• Additional information on the  

relative position of s1/2 and 
d3/2 orbitals is need.

T. Otsuka et al., PRL 104, 012501 (2010)
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Scientific motivations
• In 20O, the 2+

2 and 3+
1 states are based on a mixed configuration 

of d5/2 and s1/2;

• The positions of the the orbitals influences the lifetime of the 
2+

2 and 3+
1 states of 20O.

Motivations:

• Control on the feeders;

• Reducing the errors;
• Measure the 3+ state.
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The experiment

• Performed in GANIL (France)
• Spokespersons: E. Clément, 

A. Goasduff;
• 19O(d,p)20O reaction;
• RIB of 19O @8 MeV/A

i: 4x105 pps, purity > 99%;
• Target CD2 0.3 mg/cm2

+ natAu 20 mg/cm2;
• AGATA array + MUGAST + VAMOS.
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The experiment: VAMOS++
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• Magnetic
spectrometer;
• Identification of 

the channel of 
interest.
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The experiment: MUGAST

• Array of silicon detectors;
• Detection of light charged particles;
• 7 trapezoids + 1 annular;
• Designed to be coupled to AGATA;
• Segmentation of the silicons;
• Good energy and angular

resolution.
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VAMOS++
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The experiment: AGATA

• State-of-the-art of gamma-ray
array.
• 36 HPGe crystals;
• 36 segments per crystal + 1 core;
• Combination of PSA and tracking;

DREB 2022 - 26th June 1st July - I. Zanon01/06/22 8



Kinematic lines
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Kinematic lines
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Excited states of 20O
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C. Hoffman et al., PRC 85, 054318 (2012) 
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Particle-𝛾 spectroscopy of 20O
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Particle-𝛾 spectroscopy of 20O
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Particle-𝛾 spectroscopy of 20O
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Particle-𝛾 spectroscopy of 20O
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Particle-𝛾 spectroscopy of 20O
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Particle-𝛾 spectroscopy of 20O
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Experimental lineshape of the transitions of interest compared to 
simulated one.
Complete geometry and performance of the setup reproduced in the 
AGATA Geant4 code.
Realistic parameters included:
Ø Measured energy and position resolution of the detectors;
Ø Disabilitation of missing strips of MUGAST;
Ø Particle angular distribution;
Ø Energy Loss;

Monte Carlo simulation
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Angular distribution

L-transfer

Angular
distribution

Velocity
distribution
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C. Hoffman et al., PRC 85, 054318 (2012) 
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Angular distribution
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Angular distribution

L-transfer

Angular
distribution

Velocity
distribution
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Angular distribution
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Lifetime measurements

• Gate on the EX of 2+
2

• Best energy for 2396.6 keV;

• Best lifetime value 63 fs;

• Least-𝜒2 value below 2;

• Statistical errors evaluated
using the 𝛥𝜒2 method.
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Lifetime measurements

63+29
-16 fs 55+16

-19 fs

Systematic errors around 5%
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Influence of higher-lying states
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Direct reactions and lifetime measurements
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Direct reactions and lifetime measurements
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83Se

37S

20O
16C

• 82Se(d,p)83Se;
• Plunger and DSAM measurements in 83Se;
• CD2 target evaporated on a gold plunger target;
• Spokesperson: A. Gottardo
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Direct reactions and lifetime measurements
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83Se

37S

20O
16C

• 36S(d,p)37S;
• Plunger and DSAM measurements in 37S ;
• RDDS and DSAM performed simultaneously;
• Spokesperson: F. Galtarossa
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Direct reactions and lifetime measurements
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83Se

37S

20O
16C

• 15C(d,p) 16C;
• DSAM measurements in 16C;
• Lifetime measurements using RIB;
• Spokesperson: I. Zanon
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Conclusions

• Challenging experiment with state-of-the art 
particle detection and 𝛾-ray tracking;

• Precise control on the population of the states 
using of (d,p) reaction to populate 20O;

• Lifetime measurement of the 2+
2 and 3+

1 states;

• Further investigation for theoretical 
interpretation.
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Back-up
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The Doppler Shift Attenuation Method

𝛽 𝛽’
19O beam 19O beam

• Optimization of 
the degrader;
• Resolution of 

AGATA and 
MUGAST;

Range of 
femtoseconds
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20O 20O
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Event-by-event Doppler correction
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• Detection of the 
proton;

• Kinematic
reconstruction;

• Improved the 
resolution of 25% with 
respect to the one
using the average
𝛽=12.6%
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Selectivity of the setup
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Velocity-Ex dependence
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Ab-initio interpretation

The new experimental value of the 2+
2

confirms the influence of 3N forces in this
region.

Discrepancy with previous data within 2𝜎:
Ø Target-degrader thickness;
Ø Possible unobserved feeders.

Discrepancy with theory still to be 
investigated.

M. Ciemała et al, PRC 101 021303 (2020)
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Simulations for lifetime determination

Courtesy of F. Galtarossa

• The lifetime of the 3/2+ level is expected to be in the range 10-500 ps -> PLUNGER
• The lifetime of the 7/22

- level is expected to be in the range 50-500 fs -> DSAM

The DSAM and plunger measurement
can be performed at the same time.
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