
DSAM Measurement in 24Ne –

Ab-Initio test

E. Clément and anybody interested



o The limit of bound nuclei (drip-line) is a 

fundamental ingredient of our 

understanding of the nuclear interaction

o For neutron-rich nuclei, the neutron drip 

line evolves regularly from light to 

medium-mass nuclei except for a striking 

anomaly in the oxygen isotopes

o 24O is the last bound isotopes

o This anomaly is not reproduced in shell 

model calculations derived from 

microscopic two-nucleon forces
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o A microscopic explanation of the oxygen anomaly is based on the introduction of a three-nucleon force contribution

o The 3-body interaction leads to repulsive contributions to the interactions with the neutrons number changing the 

location of the neutron drip line from 28O to the experimentally observed 24O (s1/2 filled)

o Can we constrain the relative position of the s1/2 and d3/2 in neutron rich oxygen and hence probe the 3-body 

interaction contribution ?

T. Otsuka et al, PRL 104, 012501 (2010)

24O is the last bound
28O is bound
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Pioneer work at AGATA-VAMOS-PARIS :
M. Ciemala et al , (PRC. C101, 021303(R) (2020))
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First measurement of the 2+
2 state lifetime in 20O



E775s: Testing 3-body interactions from controlled lifetime 

measurement using a RIB beam

Probing the ab-initio 3-body interactions in neutron rich matter is a major challenge of the nuclear 

structure researches 

In the present experiment, the 2+
2 and 3+

1state lifetime of 20O are very sensitive the recently 

developed ab-initio 3-body interactions available on the market.

Method : Controlled lifetime measurement in the femto-sec. scale (DSAM method) using the direct 

reaction  19O(d,p)20O from a post-accelerated 19O beam from the SPIRAL1 facility. (5 .105pps @ 8 

MeV/A ). Unique at GANIL.

Result : The entry point is well constrained by the measured excitation energy of 20O using the sensitivity of the MUGAST array

The sensitivity of AGATA allows to measured the slowing down process to extract the nuclear lifetime of the 2+
2 state at 2.4 MeV using a RIB

I. Zanon (PhD INFN/LNL defended)MUGAST HELIOS

I. Zanon, E. Clément, A. Goasduff, et al Physical Review Letters, 2023, 131 (26), pp.262501
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MeV/A ). Unique at GANIL.

Motivation : A microscopic explanation of the oxygen drip-line anomaly is based on the introduction 

of a three-nucleon force contribution in the nuclear interaction.

Result : The entry point is well constrained by the measured excitation energy of 20O using the 

sensitivity of the MUGAST array

The sensitivity of AGATA allows to measured the slowing down process to extract the nuclear 

lifetime of the 2+
2 state at 2.4 MeV

Confirm the short value only compatible with a 3-body contribution as in M. Ciemala et al ,  (PRC. C101, 
021303(R) (2020)) 
The question is now the accuracy of the ab-initio calculations
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A. H. Wuosmaa PRL 105, 132501 (2010)

M. Ciemala et al , (PRC. C101, 021303(R) (2020))  
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G. Lotay, J. Henderson, W.N. Catford et 
al. Physics Letters B 833 (2022) 137361 
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2+
2 and 3+

1 SF not clear

t of the 2+
1 still controvertial (from 18(4)  to 77(33) ps)

t of the 2+
2 still  not yet accurate

New results from AGATA GANIL

T1/2 for the 2+
2 < 120 fs

G. Lotay, J. Henderson, W.N. Catford et al. Physics Letters
B 833 (2022) 137361 
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15C(d,p)16C DSAM experiment done at ANL with GRETINA-
GODDESS July 2021.

I. Zanon, E. Clément, M. Siciliano et al.

SPIRAL1 23Ne(d,p)24Ne  
DSAM on the 2+

2

Next measurements
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T1/2 < 70fs
B. A. Watson, et al 
Phys. Rev. C 9, 1200 (1974)  
22Ne(t,p)

T1/2 =  660 (150) fs

1981

3868(4)3972(20)

T1/2 < 20 ns

1887 (4)

[140°- 170°]
~4mb

30 UT with 23Ne RIB 
300 (300) counts in CD2-Only(+Au)
+ (3UT) using the 21Ne(d,p)22Ne :
4+ state at 3.3 MeV (T1/2= 225(4) fs).

Proposed experiment

G. Lotay, J. Henderson, W.N. Catford et al. Physics Letters B 833 (2022) 137361 


