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Search for 22Na Accretion 
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Sensitivity improved by x30 
De Angelis, J. High Energy Astrophys. 19 (2018)
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Accessing to 𝛾–ray transitions
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Monte-Carlo calculations, with                                          at ER=0.204 MeV

Reevaluation of the 22Na(p,𝛾)23Mg rate 22Na(p,𝛾)23Mg rate

Longland, Nuc. Phys. A 240 (2010)

16

N
IC

 X
VI

I(
IB

S,
 K

or
ea

 2
02

3)



0.1 0.5
10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

0.1 0.2 0.3 0.4 0.5

Temperature (GK)

N
A 

<σ
ν>

to
t (

cm
3 m

ol
-1

s-1
)

− Recommended
− Stegmüller (1996)
− Jenkins (2004)
− Sallaska (2010)

0.1 0.5
10-1

100

101

0.1 0.2 0.3 0.4 0.5

Temperature (GK)

R
at

io

Monte-Carlo calculations, with                                          at ER=0.204 MeV
Longland, Nuc. Phys. A 240 (2010)

16

N
IC

 X
VI

I(
IB

S,
 K

or
ea

 2
02

3)

Fougères, Nat. Commun. 14 (2023)

Reevaluation of the 22Na(p,𝛾)23Mg rate 22Na(p,𝛾)23Mg rate



0.1 0.5
10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

0.1 0.2 0.3 0.4 0.5

Temperature (GK)

N
A 

<σ
ν>

to
t (

cm
3 m

ol
-1

s-1
)

− Recommended
− Stegmüller (1996)
− Jenkins (2004)
− Sallaska (2010)

0.1 0.5
10-1

100

101

0.1 0.2 0.3 0.4 0.5

Temperature (GK)

R
at

io

Monte-Carlo calculations, with                                          at ER=0.204 MeV
Longland, Nuc. Phys. A 240 (2010)

16

N
IC

 X
VI

I(
IB

S,
 K

or
ea

 2
02

3)

Impact on ejected 22Na 
from novae?

Fougères, Nat. Commun. 14 (2023)

Reevaluation of the 22Na(p,𝛾)23Mg rate 22Na(p,𝛾)23Mg rate



17

Constrains on ONe novae
Simulations of novae

Paxton, Astrophys. J. 
Suppl. Ser. 208 (2013)

Accretion dynamics 
Initial TWD, MWD

22Na abundance in 
novae

N
IC

 X
VI

I(
IB

S,
 K

or
ea

 2
02

3)

Fougères, Nat. Commun. 14 (2023)

SHIVA
José, CRC Press (2016)



17

Constrains on ONe novae

13 13.5 14 14.5 15 15.5 16 16.5 17 (MK)WDT
1

2

3

4

5

6

7

8

9)
 -1

.y
r

Ac
cr

et
io

n 
ra

te
 (M

3

4

5

6

7

8

6−10× )
 -1

.s
 -2

N
a 

(p
h.

cm
22

Fl
ux

 

Simulations of novae

Paxton, Astrophys. J. 
Suppl. Ser. 208 (2013)

Nova at 0.6 kpc, MWD=1.2 M☉

N
IC

 X
VI

I(
IB

S,
 K

or
ea

 2
02

3)

Fougères, Nat. Commun. 14 (2023)

Accretion dynamics 
Initial TWD, MWD

22Na abundance in 
novae



17

Constrains on ONe novae

13 13.5 14 14.5 15 15.5 16 16.5 17 (MK)WDT
1

2

3

4

5

6

7

8

9)
 -1

.y
r

Ac
cr

et
io

n 
ra

te
 (M

3

4

5

6

7

8

6−10× )
 -1

.s
 -2

N
a 

(p
h.

cm
22

Fl
ux

 

13 13.5 14 14.5 15 15.5 16 16.5 17 (MK)WDT
1

2

3

4

5

6

7

8

9)
 -1

.y
r

Ac
cr

et
io

n 
ra

te
 (M

3

4

5

6

7

8

6−10× )
 -1

.s
 -2

N
a 

(p
h.

cm
22

Fl
ux

 

Simulations of novae

Paxton, Astrophys. J. 
Suppl. Ser. 208 (2013)

Constrain novae parameters with observed flux

Nova at 0.6 kpc, MWD=1.2 M☉

N
IC

 X
VI

I(
IB

S,
 K

or
ea

 2
02

3)

Fougères, Nat. Commun. 14 (2023)

Accretion dynamics 
Initial TWD, MWD

22Na abundance in 
novae



18

Survey of 8 observed ONe 
novae (60 yr) 
Hachisu, Astrophys. J. Suppl. Ser. 242 (2019)
José, CRC Press (2016)
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Prospects for 𝛾-ray astronomy 
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𝛾-ray space telescopes 

e-ASTROGAM De Angelis (2018)

2.7(5) kpc 
COSI Tomsick (2020)

4(7) kpc
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Status of ωγ at ER=0.204 MeV

Seuthe (1990) Stegmuller (1996) Sallaska (2010) INDIRECT comp.
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Experiment choice: indirect strength determination 

Jenkins (2004) Kirsebom (2016)
0

2

4

6

8

10

12

14

16

 (f
s)

τ

Shell model ~1 fs 

Aim: (𝛕, BRp) of the Ex=7.785MeV state in 23Mg*
Fs resolution required



Identification of populated states
3He(24Mg,4He)23Mg*(𝛾)
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Proton branching ratio: plots
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Shell model insights: spin
1. 𝛾-ray decay path à  7/2+

2. β-delayed probability  à  (5/2, 7/2)+
    log10(ft)=3.305(23) vs 

3. No mixing with the Ex=7.801MeV IAS. à  7/2+

Fougères, EPJ Web Conf. 279 (2023) 



Shell model insights: reduced M1 matrix element
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Proton branching ratio measurement
Present work

(1σ)
Ex=7.785 MeV



New status on ωγ0.204 MeV

Seuthe (1990) Stegmuller (1996)Sallaska (2010) INDIRECT comp. Fougeres (2022)
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