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The «oxygen anomaly»

20Mg | 21Mg 22Mg 23Mg pPRSUGEMLGGEMSIGGE 271Mg 28Mg 29Mg 30Mg 31Mg | 32Mg | 33Mg 34Mg 35Mg 36Mg Y

Nuclei close to the drip-lines are
26Na 27Na 28Na 20Na 30Na|31Na |32Na 33Na 34Na 35Na fundamental to understand the
nuclear interaction.

19Na | 20Na 21Na 22Na 24Na 26Na

18Ne | 19Ne ORI 23Ne 24Ne 25Ne 26Ne 27Ne 28Ne 29Ne | 30Ne | 31Ne 32Ne .

10

17F | 18F kgl 20F 22F 23F 24F 25F 26F 27F

20 a1r * Regular evolution of the drip line in

o | 2o or ]tk the p-sd region but the oxygen
represents an exception.

190 200 210 220 230 | 240

18N 1SN 20N 21N 22N 23N 25N
— T .:tgb'e e According to the shell model, 220 is
+B+ . .

e 8 ° expected to be the heaviest isotope.
a 240 is observed to be the last bound
P .

N isotope.

14 16 18 20 . SF

Unknown

e Disappearance of the N=20 magic number;
* Anomaly in the drip line;



The oxygen isotopic chain

* The position of the drip line of the P P B L e ——————
. . .. - (a) Forces derived from NN theory - NZL -

oxygen isotopic chain is reproduced (d) Vigy NN + 3N (AN'LO) forces
by introducing the 3N forces. [ )

* The location of the drip line changes
from the 0d;/, orbital (N=20, 220) to
the 151/2 (N=16, 240).

e Additional information on the
relative position of 1s,,, and 0d;,
orbitals is need.

2 - =s
==== NN + 3N (N"LO) N
| = NN+ 3N (A)
---NN

I I S N N N N AN N I S N IS [ N [N N (SN Y (N N I |

Single-Particle Energy (MeV)
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The oxygen isotopic chain
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The oxygen isotopic chain

Article
° ° 28
First observation of °O
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The oxygen isotopic chain

week ending

PRL 116, 102503 (2016) PHYSICAL REVIEW LETTERS 11 MARCH 2016
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Nucleus 20: A Barely Unbound System beyond the Drip Line
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The oxygen isotopic chain

PRL 102, 152501 (2009) PHYSICAL REVIEW LETTERS 17 APRIL 2009
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One-Neutron Removal Measurement Reveals 2*O as a New Doubly Magic Nucleus
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The oxygen isotopic chain

z|2°MQ\21MQ e ”’ Spectroscopy of the 27 state in **O
&5 a2 and shell structure near the neutron drip line

50 Oi . . : .
S O isotopes g 22 P.G. Thirolf *, B.V. Pritychenko "¢, B.A. Brown "¢, P.D. Cottle ¢, M. Chromik ?,
S “op ¥ T. Glasmacher "¢, G. Hackman ™', R.-W. Ibbotson ™*, K.W. Kemper ¢, T. Otsuka®",
= 80r 1E | 2 L.A. Riley ¢, H. Scheit "
L\Nu/ 20k ® Expt. 1 =

1.0 O sdpf model|| © 220 230

/A sd model

_ 00k . . . 4=
¥ e0f ' ' ' 4N | 21N @ 22N -
£ N Bulk properties
T sl |

EES 23C

~ 40k 1 e | 20c .
9\

T 301 ] .

8 sl ] I 188 208 21B Spectroscopic

& ) properties

A 14 16 18 20 22 N




Testing ab initio nuclear structure in neutron-rich nuclei:
Lifetime measurements of second 2+ state in °C and 2°Q
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Experimental study of the O(d, p)*°O reaction in inverse kinematics
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The 290 studycase 200

* In 290, the 2*, and 3*; states are based on a mixed configuration W n(0...)%s,)"

of ds;, and s, ,;
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Ciemala et al. —8— s
2+ § """"""""""" 3557 n(dsp)*
2 S
400 ¢ Ry 2399
. . o
* Precise particle-gamma NN N it
spectroscopy; 2, I~
o ~
£ 300} .
* Measure 2%, and 3*; = g 2 by
states; = e s
+ 'I' 46
e Comparison with theory 200 | < 1673
5
O
S ooy n(ds)*
100




Part Il
The experiment

13/12/24



The experiment

e Performed in GANIL (France) in 2020
BO(d,p)?°0 reaction;

RIB of 1°0 @8 MeV/A
i: 4x10° pps, purity > 99%;

Target CD, 0.3 mg/cm?
+ "tAY 20 mg/cm?;

AGATA array + MUGAST + VAMOS.




The experiment: MUGAST

Array of silicon detectors;
VAMOS++

Detection of light charged particles;

7 trapezoids + 1 annular;
Designed to be coupled to AGATA;

Segmentation of the silicons;

Good energy and angular
resolution.




The experiment: VAMOS++

Reaction chamber
* Magnetic

spectrometer;
\

190 é 8 MeV/IA

e |dentification of
the channel of
interest.




The experiment: AGATA

VAMOS++ e State-of-the-art of gamma-ray
array.

* 36 HPGe crystals;
* 36 segments per crystal + 1 core;
* Combination of PSA and tracking;




Event-by-event Doppler Correction
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3 i * Detection of the

g - —— Average DC proton;
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Selectivity of the set-up
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The Doppler-Shift Attenuation Method
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* Optimization of
the degrader;

e Resolution of
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Counts / 25 keV
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y spectroscopy of %°0
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y spectroscopy of %°0
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y spectroscopy of %°0
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Monte Carlo simulation

Complete geometry and performance of the setup reproduced in the
AGATA Geant4 code.

Realistic parameters included:

» Measured energy and position resolution of the detectors;
» Disabilitation of missing strips of MUGAST;

» Particle angular distribution;

» Energy Loss;

» Energy tuning...
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Angular distribution
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Energy Loss
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Lifetime measurements

Two degrees of freedom:
 The lifetime of the state;
 The energy of the transition.
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Lifetime measurements
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Gate on the E, of 2%,

Best energy for 2396.6 keV;
Best lifetime value 70 fs;
Least-y? value below 2;

Statistical errors evaluated
using the 4y? method.



Lifetime measurements

—— Simulation

70(14) fs

Systematic errors around 5%



Lifetime measurements
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Comparison with theory

Comparison between experimental reduced transition probabilities and theoretical models: ab-
initio VS-IMSRG and USDB
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- So far:
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Conclusions

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

Precise control on the population of the states
using of (d,p) reaction to populate 2°0;

Lifetime measurement of the 2*, and 3*; states;

Importance of mp-mh excitation and B(M1);
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