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Stellar objects of interest: novae
Bright light in sky

Nova Del 2013
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Observable candidate for novae: 22Na Uncertainties

Accretion
dynamics
A for ON |
compass for ONe novae initial WD temp.,
mass...
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Observable candidate for novae: 22Na Uncertainties
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Observable candidate for novae: 22Na Uncertainties
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Search for 22Na

y-ray observation campaigns (INTEGRAL, COMPTEL...)
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Search for 22Na

y-ray observation campaigns (INTEGRAL, COMPTEL...)

-ASTROGAM (ESA)

“. % U.S. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.

Sensitivity improved by x30

B Dc Angelis (2018)

Uncertainties
Accretion
dynamics,
initial WD temp.,
mass...




Search for 22Na | Uncertainties

Accretion
y-ray observation campaigns (INTEGRAL, COMPTEL...)

Sensitivity improved by x30 dynamics,
-ASTROGAM (ESA) Py T (2\(/)18)p y initial WD temp.,

mass...

Short-lived ~yr (2Na, 44Ti)
COSI (NASA)

Tomsick (2019)

nal Laboratory is o
ENERGY of Energy laboratory 5
managed by UChicago Argonne. L LLC.

AAAAAAAAAAAAAAAAAA



Search for 22Na | Uncertainties

Accretion
y-ray observation campaigns (INTEGRAL, COMPTEL...)

Sensitivity improved by x30 dynamics,
-ASTROGAM (ESA) Py T (2\(/)18)p y initial WD temp.,

mass...

22Na abundance

in novae
Short-lived ~yr (22Na, 44Ti) | Limit in detection
COSI (NASA)| IS El e

Tomsick (2019)

nal Laboratory is o
ENERGY of Energy laboratory 5
managed by UChicago Argonne. L LLC.

AAAAAAAAAAAAAAAAAA



Search for 22Na | Uncertainties

. . Accretion

y-ray observation campaigns (INTEGRAL, COMPTEL...) dynamics

. 5 ‘ Sensitivity i d by x30 ’

Q-AST!RQGAM (ESA) .. R DS;‘:g'el'i‘s"(z‘g;g)"prove yX initial WD temp.,
S ' mass...

22Na abundance

in novae

Short-lived ~yr (22Na, 44Ti) | Limit in detection
COSI (NASA)| KIS ElleE

Tomsick (2019) Excess of 22Ne

in presolar grains

Black (1972)




Search for 22Na | Uncertainties

. . Accretion

y-ray observation campaigns (INTEGRAL, COMPTEL...) dynamics

. 5 ‘ Sensitivity i d by x30 ’

ASTROGAM(ESA) o Eel R itial WD tem.,
S mass...

22Na abundance

in novae

Short-lived ~yr (22Na, 44Ti) | Limit in detection
COSI (NASA)| KIS ElleE

Tomsick (2019) EXCGSS Of 22Ne

in presolar grains

}.Radioactive tracer 22Na

22Na(p,y)23Mg
rate

5 @ = /A ]\l:‘ii'ﬂl?_ Argonne &
Black (1972) v 1.275 MeV N NlEE=, A8

AAAAAAAAAAAAAAAAAA




Destruction 22Na(p,y)?3Mg

Resonant reaction (Breit Wigner cross section)
2T 3

Er
= 2 h? ——
< OV >tot R(M(22Na, p)kBT)z X h® X wy x exp( kBT)
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Resonant reaction (Breit Wigner cross section)
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Destruction 22Na(p,y)?3Mg

Resonant reaction (Breit Wigner cross section)
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Destruction 22Na(p,y)?3Mg

Resonant reaction (Breit Wigner cross section)
21
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< oV >tot= LR( )2 X h? X wy X exp(———)
,u(22Na, p)kBT kBT
Direct measurements of Wy saiaska (2010)
Ex (MeV) Ex (MeV) JT gofEokevaosiev T T arakev
0.435 8016 527121 Novae 10
< :
0274 ] 7.855 7/21 S c
0222 | 7.803 IAS 5/21 o 2 08
0.204 | rzas  sR772 = 2
0.201 7.782 11/2] v T 06
0.189 7.770 9/21 s "g .
7.581 7.586 5121 © o4
22
Na+p 0.2
0.0 — —
0.1 0.2 0.3 0.4 0.5
0 3/21
>3 = Temperature (GK)
Mg Dominant resonance in 22Mg*

(Ex=7.785 MeV, Ex=0.204 MeV)




Indirect determination of wy at Ex=0.204 MeV

2J +1 ki BR, . 7.785 (5/2+, T/2+)
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Indirect determination of wy at Ex=0.204 MeV
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Indirect determination of wy at Ex=0.204 MeV
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Status of wy at Eg=0.204 MeV

Direct

(meV)

N W~ OO0 N
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Status of wy at Eg=0.204 MeV

— 8
> Direct
€ 'F
[} C
3 5
] E
S 4
= F
3 3f-
1 +
OE T L]

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

Disagreement in wy

8 &= :\il\?'i‘li,;ﬂt//_~ Argonne &




ImpaCt Of wV0_204MeV on ejeCted 22Na

Space Telescopes
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Experiment choice: indirect strength determination
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EXPERIMENTAL APPROACH AND RESULTS
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C. Michelagnoli et al. (GANIL 2016)

Target + Beam Catcher

3He implanted in gold
107 at.cm
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C. Michelagnoli et al. (GANIL 2016)
3He(%*Mg,*He)?3Mg*
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 “He time of flight 200 ns

Target + Beam Catcher

3He implanted in gold
107 at.cm

~ 24Mg at 4.6 MeV/u

PR
= A

\\\\\\\\\ cenoRe

12

Slb—  Argonne &




C. Michelagnoli et al. (GANIL 2016)
He(2*Mg,*He)»Mg*(y)
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Identification of populated states

*He(**Mg,*He)**Mg*(y)

Ex VAMOS E\'()C
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Identification of populated states

*He(**Mg,*He)*Mg*(y)
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Identification of populated states

*He(**Mg,*He)*Mg*(y)
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“He(**Mg,*He)**Mg*(y)
ExVAMOS=5 29(16) MeV

Accessing to y-ray transitions
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New approach to lifetime measurements

Angle integrated velocity profile
Profile of 8, reconstructed from (E,, 6p5)
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New approach to lifetime measurements

Angle integrated velocity profile R? cos(fps) + \/1 + R cos(fps)? — R?
Profile of B, reconstructed from (E,, Op5) —— 3 = R cos(Ona)? 1 1 R= o
cos(fpg)? + ¥s
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New approach to lifetime measurements

Angle integrated velocity profile
Profile of B, reconstructed from (E,, Op5) —— 3 =
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New approach to lifetime measurements

Angle integrated velocity profile
Profile of B, reconstructed from (E,, Op5) —— 3 =

R? cos(fpg) + \/1 + R? cos(fps)? — R?
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Results to be submitted, 2022
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C. Michelagnoli et al. (GANIL 2016)

*He(**Mg,*He)**Mg*(p)

VAMOS SPIDER

E AN

24Mg at 4.6 MeV/u




Proton branching ratio measurement

2Ja3\1g + 1 h Present work
— x — X BR,(1 — BR
T Qe + )T, 1) 7 D »)
. Ex=7.785 MeV
X 45 (10)
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M 35—
o
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C. Fougeres et al.
Results to be submitted, 2022
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New status on wyg 204 mev

Present work

—~~ 8 -
% -
g E
N :
> 61—
(0] -
3 =
o 5 .
N F
o -
> 4
3 =
3
2
1= +
0: J ' @
Seuthe (1990) Stegmuller (1996) Sallaska (2010) INDIRECT comp. Fougeres (2022)
C. Fougeres et al.
Results to be submitted, 2022
A 19 C=AanLil— Argonne &




ASTROPHYSICAL IMPACT

ST,

U.S. DEPARTMENT OF _ Argonne National Laboratory is a I l ' l
gEN G U.S. Department of Energy laboratory . r O e
managed by UChicago Argonne, LLC. -
. AN

CNRS/IN2P3 NATIONAL LABORATORY




22Na(p,Y)?*Mg rate

Reevaluation of the #2Na(p,y)**Mg rate

Monte-Carlo calculations, withwy = 0.271557 meV at Eg=0.204 MeV

Longland (2010)
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22Na(p,y)**Mg rate

Reevaluation of the #2Na(p,y)**Mg rate

Monte-Carlo calculations, withwy = 0.271557 meV at Eg=0.204 MeV
Longland (2010) 50 o3
Na(p, v)*Mg

O - Recommended
) — Stegmuller (1996)
Z 10 - Sallaska (2010)

Ratio
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Reevaluation of the #2Na(p,y)**Mg rate

22Na(p,y)**Mg rate

Monte-Carlo calculations, withwy = 0.271557 meV at Eg=0.204 MeV

Longland (2010)
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Results to be submitted, 2022
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Constrains on ONe novae

Simulations of novae

MESA

Paxton (2013)
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Accretion dynamics,

Constrains on ONe novae initial WD temp.
. . 22Na abundance in
Simulations of novae novae

MGSA Nova at 0.6 kpC, 'VIWD=’I 2 Mg

Paxton (2013)
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" Accretion dynamics,
Constrains on ONe novae initial WD temp.
) . 22Na abundance in
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Prospects for gamma-ray astronomy

Survey of 8 observed
ONe novae (60 yr)

Hachisu (2019), José (2020)
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NPA-X (CERN 2022)

Prospects for gamma-ray astronomy

Survey of 8 observed
ONe novae (60 yr)

Hachisu (2019), José (2020)
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Limit in detection

Prospects for gamma-ray astronomy distance

Survey of 8 observed
ONe novae (60 yr)

Hachisu (2019), José (2020)

Future MeV Detection frequency
y-ray space telescopes - (?2Na)
e-ASTROGAM pe Angelis (2018) eASTROGAM >1 event /60 yr
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COSI Ttomsick (2020) =1 event / 20 yr
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