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Direct ωγ measurements, TRIUMF 22Na(p, γ)23Mg Sallaska et al. (2011)  
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Indirect access to ωγ at ER = 0.204 MeV
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(+) Shell model ~1 fs 

Indirect access to ωγ at ER = 0.204 MeV
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(+) Shell model ~1 fs 

Disagreement in ωγ

Indirect access to ωγ at ER = 0.204 MeV
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Disagreement in ωγ è predicted 22Na ~ x10
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(+) Shell model ~1 fs 

E710 indirect method on Ex=7.785MeV in 23Mg* 
(τ, BRp) 

Use of AGATA è fs resolution by DSAM on 15O* 
Michelagnoli Ph.D. thesis (2013)

Indirect access to ωγ at ER = 0.204 MeV
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Experimental approach

Indirect E710@GANIL
C. Michelagnoli et al.
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Set-up
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BEAM
24Mg at 4.6 MeV/u
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Population of states in 23Mg*
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22 states in 23Mg* identified and isolated at Ex +/- 0.3 MeV

Ex=7.785 MeV state

PhyNuBE School 2021

3He(24Mg,4He)23Mg*(γ)
ExVAMOS EγDC
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Accessing γ–ray transition with AGATA
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Accessing γ–ray transition with AGATA
Transition observed in 2-dimensions (Eγ, θ γ) AGATA 

high resolution 
continuous 
angular coverage

no selection on ExVAMOS
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Accessing γ–ray transition with AGATA
Transition observed in 2-dimensions (Eγ, θ γ) AGATA 

high resolution 
continuous 
angular coverage

no selection on ExVAMOS

ExVAMOS = 4.35 +/-0.2 MeV selection on

23Mg 

4.356, 1/2+

g.s., 3/2+

100%

3He(24Mg,4He)23Mg*(γ)
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Accessing γ–ray transition with AGATA
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high resolution 
continuous 
angular coverage
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Accessing γ–ray transition with AGATA
AGATA 
high resolution 
continuous 
angular coverage

No Doppler Correction

Doppler Correction

4.356, 1/2+

g.s., 3/2+

100%

mean β=0.075(1)
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Accessing γ–ray transition with AGATA
AGATA 
high resolution 
continuous 
angular coverage

No Doppler Correction

Doppler Correction

4.356, 1/2+

g.s., 3/2+

100%

mean β=0.075(1)Reconstruct β on event basis
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BEAM
24Mg at 4.6 MeV/u
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SPIDER
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Identification of ejectiles and p decay
3He(24Mg,4He) 23Mg*(p) 
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Preliminary results

Spectroscopy of the Ex=7.785 MeV excited state in 23Mg*
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Accessing to lifetimes (1)

08/12/2021 35

Based on lineshape analysis where experiment compared with simulations (EVASIONS code built for E710)

PhyNuBE School 2021
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Method N°1: DSAM    classical
Doppler shifted Eγ projected on angle slices

PRELIMINARY
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Accessing to lifetimes (2)
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Method N°2: DCLM recent
Doppler-Corrected Lineshape Method (angle-integrated EγDC )
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Method N°2: DCLM recent
Doppler-Corrected Lineshape Method (angle-integrated EγDC )
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Accessing to lifetimes (3)
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Method N°3: β distribution    new
Distribution of β reconstructed from (Eγ, θDS)
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Method N°3: β distribution    new
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Results in lifetimes of 23Mg*

C. Fougères et al.
Results to be submitted, presented at XXIInd GANIL Colloque, AGATA Collaboration meeting (2021)

Present work

PhyNuBE School 2021
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Preliminary tests

Ex = 2.052 MeV(1σ)

Method N°1 Method N°2

42

Method N°3
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Results in lifetime of the key state
Present work

PhyNuBE School 2021

Ex = 7.785 MeV(1σ)

Method N°2 Method N°3Method N°1
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C. Fougères et al.
Results to be submitted, presented at XXIInd GANIL Colloque, AGATA Collaboration meeting (2021)

PRELIM
INARY
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Considerations on spin
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Identification 7/2+ level: agreement γ-ray transitions between SM and experiment

Shell-model calculations (NUSHELLX, DWU)
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Accessing BRp

09/12/2021

Present work
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Astrophysical impacts

Predictions in 22Na flux
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New rate 22Na(p, γ)23Mg
22Na(p, γ)23Mg* rateMonte-Carlo calculations, with

Meyer Ph.D. thesis (2020), Longland et al. (2010)
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New rate 22Na(p, γ)23Mg
22Na(p, γ)23Mg* rateMonte-Carlo calculations, with

Meyer Ph.D. thesis (2020), Longland et al. (2010)

<σv>totSallaska
<σv>totFougères

C. Fougères et al.
Results to be submitted
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New rate 22Na(p, γ)23Mg
22Na(p, γ)23Mg* rateMonte-Carlo calculations, with

Meyer Ph.D. thesis (2020), Longland et al. (2010)

<σv>totSallaska
<σv>totFougères

C. Fougères et al.
Results to be submitted

<σv>totNACRE
<σv>totFougères

<σv>totStegmuller
<σv>totFougères

Impact on ejected 22Na from novae ?
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Predictions in 22Na flux

Simulations of novae

(Paxton et al, 2013)
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Predictions in 22Na flux

PRELIM
INARY

Simulations of novae

(Paxton et al, 2013)
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Predictions in 22Na flux

PRELIM
INARY

Constrain novae parameters 
with observed flux

Simulations of novae

(Paxton et al, 2013)
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Outlooks

Nova simulations with SHIVA J.José et al, (1998, 2021)  + other free parameters (composition of thermonuclear medium)
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Outlooks

Nova simulations with SHIVA J.José et al, (1998, 2021)  + other free parameters (composition of thermonuclear medium)
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SN CasA SPI ©ESA, Renaud et al. (2006)

Radioelements observations

Sky map at Eγ = 1.809 26Al SPI ©ESA
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Observation with SPI over 3 years

Instrument background level high at 1.275 MeV energy (from activation by CR of Al material near SPI)

Cosmic Gamma-Ray Spectroscopy,  R. Diehl (2013)

Line at 1.275 MeV (1.3 10-5 ph.cm-2.s-1 (1σ)) 
1/3 One novae at 30.yr-1 à < 2.5-5.7 10-7 Mʘ per outburst

Flux here: cumulative emission toward Galatic Center, 
fitted by an assumed novae spatial distribution.

Current results in 22Na cosmic observations
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Identification of ejectiles (Z, m/q, E)

3He, 4He
1H,2H

m/q

16O/12C(24Mg,4He)

3He(24Mg, 4He)

E4He (MeV)

(+) Bρ
4He events

(+) γ transition

Reconstruct 23Mg* Ex ?
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Kinematics
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23Mg* Ex= 7.785 MeV 

3He(24Mg,4He)23Mg*
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EVASIONS validation: τ of 28Si* Ex= 6.879 MeV 
Method (1) DSAM (classic)
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Low lifetimes in  23Mg*
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Target chamber

15+/-2.5

148+/-3

105+/-3
19+/-1

-252+/-1
(Z)

Beam axis

(5)
(4) (3)

(2)

(1)

(1) AGATA
(2) Charade Chamber
(3) Target holder + gold beam catcher (20 μm)
(4) SPIDER rings dE-Eres (298, 580 μm)
(5) Small Gas Chamber
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Target

T345 T12
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Decays from states of interest

0.451, 5/2+

2.052, 7/2+

23Mg 

2.714, 9/2+

7.581, Sp

7.77058

8614
66 3

7.782, (11/2+)
42

30

5.454, 11/2+

3366
7.785, 7/2+
7.803, 5/2+  IAS
7.855, 7/2+5 19 75

8.016, (5/2,7/2)+4 44 52

8.062100

8.163, 5/2+60 18 20

g.s., 3/2+

22Na 
g.s., 
3+

0.583, 
1+

p
0.65
%
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Simulations of the experiment: p decay 
MC simulations with the EVASIONS code

23Mg* Ex = 7.785 MeV

SPIDER

Ex in 23Mg*

23Mg*(p) 
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Proton resolution

PRELIMINARY

scattering 
in gold

23Mg 

7.785, 7/2+

22Na 
3+, g.s.

1+, 0.583

7.581, Sp

8.163, 5/2+

8.450, 5/2+, 3/2+

7.770, 9/2+

7.855, 7/2+
8.016, 5/2+, 7/2+

8.288, ?
8.330, 5/2+, 3/2+
8.342, ?
8.393, ?
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Lifetimes in  23Mg*
Method (1) DSAM 

PRELIM
INARY

Ex=2052 MeV

Method (2) DCLM Method (3) βM

PRELIM
INARY

PRELIM
INARY

Ex=4356 MeV
Ex=4356 MeV
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Lifetimes of astrophysical state
Method (1) DSAM 

Method (2) DCLM 

Method (3) βM

PRELIM
INARY

PRELIM
INARY

PRELIM
INARY
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Theoretical considerations

Shell Model calculations with NUSHELLX, DWBU

Identifications: (1) 7/2+ level with γ-ray decay path ~ measurements
SM Γp= 6.4+10.1

-4.9 meV ó Γp= 2.0+6.9
-1.5 meV (compiled measurements)    

(2) 5/2+ level close to IAS 
(3) 7/2+ level ~ higher resonance at ER = 0.274 MeV

SM ωγ = 50+7
-6 meV ó ωγ = 39(8) meV (Sallaska et al., 2011)
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Direct capture contribution 
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Direct capture rate
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Total reaction rate and resonant contribution 
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Simulations of novæ

no data TWD governs Tnova

Nova composition w.r.t. WD (CO vs ONe) Profiles

Agreement with simulation SHIVA J.José et al, (1998, 2021) 
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Novæ events in our universe

Earth

Closest at 0.7 kpc/20yr

Courtesy of De Oliveira Santos


