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Stellar objects of interest @ﬁ“ﬁ%e |
B Binary system {red giant + white dwarf} abortare commen CEORE I %

Matter accretion = explosive hydrogen burning at surface

Impacts
- Abundances of nuclei
, . - Isotopic composition of meteoritic presolar grains siack (1972)
ot - Test of Nova models
: - Number of supernovae SNla (dark energy)

Companion

White dwarf
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Stellar objects of interest

White dwarf
ONe novae

Binary system {red giant + white dwarf}
Matter accretion = explosive hydrogen burning at surface

Impacts

- Abundances of nuclei

- Isotopic composition of meteoritic presolar grains siack (1972)
- Test of Nova models

- Number of supernovae SNla (dark energy)

Need of astronomical observables

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

EY = 1.275 MeV never seen

Radiotracer 22Na
T=2.6yr, E,=1.275MeV
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Stellar objects of interest @ixﬁ%

Binary system {red giant + white dwarf}
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De Angelis, Tatischeff et al. (2017)
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Binary system {red giant + white dwarf}

Stellar objects of interest @ix%

Matter accretion =» explosive hydrogen burning at surface Uncertainties
Impacts Accretion dynamics,
- Abundances of nuclei initial WD temp.

- Isotopic composition of meteoritic presolar grains siack (1972)
- Test of Nova models
- Number of supernovae SNla (dark energy)

, Need of astronomical observables
White dwart

ONe novae .
22Na abundance in

novae
Detection limit

y-ray observation campaigns | e-ASTROGAM (ESA)
(INTEGRAL, COMPTEL...) ';“,
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Radiotracer 22Na
T=26yr, E, =1.275MeV

Sensitivity improved by x30
De Angelis, Tatischeff et al. (2017)
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Stellar objects of interest @ix%

Binary system {red giant + white dwarf}

Matter accretion = explosive hydrogen burning at surface Uncertainties
Impacts Accretion dynamics,
- Abundances of nuclei initial WD temp.

- Isotopic composition of meteoritic presolar grains siack (1972)
- Test of Nova models
- Number of supernovae SNla (dark energy)

, Need of astronomical observables
White dwart

ONe novae | :
— y-ray observation campaigns e-ASTROGAM (ESA) R | ©2Na abundance in
(INTEGRAL, COMPTEL...) _, B3 o | Hovae

E = 1.275 MeV never seen Detection limit

Radiotracer 22Na
T=2.6yr, E,=1.275MeV

22Na(p, y)23Mg* rate

Sensitivity improved by x30
De Angelis, Tatischeff et al. (2017)
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Destruction 2?Na(p, y)**Mg
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Indirect access to wy at Eg = 0.204 MeV
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Indirect access to wy at Eg = 0.204 MeV
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Indirect access to wy at Eg = 0.204 MeV
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Indirect access to wy at Eg = 0.204 MeV
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Indirect access to wy at Eg = 0.204 MeV = ANLLL
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Indirect access to wy at Eg = 0.204 MeV
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Experimental approach

Indirect E710@GANIL

C. Michelagnoli et al.

22

PhyNuBE School 2021



= A N3
SHe(*Mg,*He)BMg*(y) @/x%

VAMOS AGATA

Target + Beam Catcher

3He on gold
<G 4 BEAM
E,, 6 /RN ) 24
o e———— AGATARG i3 Mg at 4.6 MeV/u
EYUU ‘\-} ' R /
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Population of states in 23Mg*
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Accessing y—ray transition with AGATA
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Accessing y—ray transition with AGATA

AGATA

high resolution
continuous
angular coverage

» Transition observed in 2-dimensions (E,, 6 )
no selection on ExVAMOS
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Accessing y—ray transition with AGATA

AGATA

high resolution
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Accessing y—ray transition with AGATA

AGATA R

high resolution
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Accessing y—ray transition with AGATA

AGATA R

high resolution
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Accessing y—ray transition with AGATA
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Accessing y—ray transition with AGATA

AGATA R

Reconstruct B on event basis +——

high resolution
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angular coverage
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*He(**Mg,*He) 2Mg*(p)

VAMOS SPIDER

Target + Beam Catcher
3He on gold
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SPIDER = A

|dentification of ejectiles and p decay ot commn GRS
3He(**Mg,*He) 22Mg*(p)

10°

AE (MeV)
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Preliminary results

Spectroscopy of the Ex=7.785 MeV excited state in °Mg*
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Accessing to lifetimes (1) EJXN%F

Based on lineshape analysis where experiment compared with simulations (EVASIONS code built for E710)
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Accessing to lifetimes (1)

Method N°1: DSAM classical 1— 32

Doppler shifted E, projected on angle slices — E, = E,

Counts/12keV

°1-8 cos(fps)

D i
iﬂx
laboratoire commun CEA/DRF CNRS/IN2P3
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Accessing to lifetimes (1) @ﬁxﬁ%w

Method N°1: DSAM classical /1 _ B2
Doppler shifted E, projected on angle slices — E, = E, g B
"1 — B cos(fps)

> 450 _

2 el B, in [154,162] deg | —*— Exp: .

= = —— t=1.01s (X = 1.860)

2 35 o

g 35 t=8.01s (X =1.452)

o B an2

O 30 t=14.0fs (%:2.304)
25—

= - T << 17 fS

205—
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10~ . |
5 } ! T
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Accessing to lifetimes (2) @ﬁxﬁ%w
s UL oo

Method N°2: DCLM recent
Doppler-Corrected Lineshape Method (angle-integrated E\,P¢ ) —news EEC — E

Y

with Opc = mean(ﬁSim‘ (7))
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Accessing to lifetimes (2) S AN~

Method N°2: DCLM recent

Doppler-Corrected Lineshape Method (angle-integrated E\,P¢ ) —news EEC - E,y 1 - Poc COS(@DS)

with Opc = mean(ﬁSim‘ (7))

(&)

—e— Exp.t=9.5fs

2
—— Sim.t=95fs (n%f 0.884)
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Accessing to lifetimes (3)

Method N°3: B distribution new
Distribution of B reconstructed from (E,, Ops) —— B =

R? cos(fps) + \/1 + R? cos(fpg)? — R?

R? cos(fps)? + 1

08/12/2021
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Accessing to lifetimes (3)

Method N°3: B distribution new
Distribution of B reconstructed from (E,, Ops) —— B =

Counts/0.0007

R? cos(fps) + \/1 + R? cos(fpg)? — R?

R? cos(fps)? + 1

= A

oire commu

INL
n CEA/DRF h 0 CNRS/IN2P3

S0 -« Exp.
45E- - 5
woE t=201s (kem 1.21)
= ¥
35E- L ~t=11.01s (Ae= 1.14)
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Results in lifetimes of 23Mqg* = A A 2

Preliminary tests
Present work

~ 130
»  (1o) Ex = 2.052 MeV
~120—
110
100/
90 n
- LA
80— i \a
- Q\é
70— \>
- Qfo
60— Q
500" (
NNDC Kirsebom (2016)| DSAM DCLM BM
Method N°1 Method N°2 Method N°3

C. Fougeres et al.
Results to be submitted, presented at XXII"® GANIL Colloque, AGATA Collaboration meeting (2021)
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Results in lifetimes of 23Mqg* = A A 2

Preliminary tests
Present work

130 —_
@ (10) Ex = 2.052 MeV 2 ., (10) B Ex = 4.356 MeV
~ 120 = r
- e -
10— “e
100 1o ' !
90 8
E 4 [ ] B *
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E » - &
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50" . ¢ aC ’
NNDC  Kirsebom (2016)| DSAM DCLM BM Kirsebom (2016) DSAM DCLM BM
Method N°1 Method N°2  Method N°3 Method N°1  Method N°2 Method N°3

C. Fougeres et al.
Results to be submitted, presented at XXII"® GANIL Colloque, AGATA Collaboration meeting (2021)
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Results in lifetime of the key state == A ] 3

Present work

—~ 20

[72)

< 18
16
14
12
10

—
A
Q
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Ex =7.785 MeV

N A O

III||II|II||II||I|I|II||I|||III||II’II|
L

V-

Jenkins (2004) Kirsebom (2016) | DSAM DCLM BM ]
Method N°1  Method N°2  Method N°3

o

C. Fougeres et al.
Results to be submitted, presented at XXII"® GANIL Colloque, AGATA Collaboration meeting (2021)
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Considerations on spin

Shell-model calculations (NUSHELLX, DWU)

7.785

Sp =7.581 = ¢+ = = 4= -

2.052

0.451
0.0

> 87

Y

Y

7/2%

5/2%

3/2%

23Mg exp.

7.829

2.051

0.444
0.0

7/2%
58 PO
Y [ F o2
Y 5/23
3/21
USDAcpn

7.671

2.135

0.397
0.0

A D
| T—
AN f
laboratoire commun CEA/DRF L 0 CNRS/IN2P3

7/2%
57 26
& 7/23
¢ 5/23
3/21
USDBcpn

Identification 7/2+ level: agreement y-ray transitions between SM and experiment
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Accessing BR,

g —] D
D i
iﬂx
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Selection on 22Nag.s. < Exp. on ?Na g.s. 23Mg*(p) P k
% — — Sim. Ex=7.785 MeV resent wor
= 180 — | — Total sim. (x?/ndf=0.59) 8.450, 5/2+, 3/2+
Z b | ) 83932
S £ \ 8396° 210+, 3/2+
B 140 | 8.288, ?

[ e | L
(_é; 120— | —— \ \ 1+, 0.58 8.163, 5/2+
= el T | |
foo— SOl ey 'f.g'z';.ﬂgle.sg =8 * 8.016, 5/2+, 7/2+
— 7.855, 7/2+
80—
— 7.785, 7/2+
60— Y Iiises 7.770, 9/2+
20—
o0 1 . ol
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Accessing BR,

Selection on %2Nag ¢

Counts/0.015MeV
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Present work
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Astrophysical impacts

Predictions in 22Na flux
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New rate 22Na(p, y)*Mg

Monte-Carlo calculations, with w~y = 0.257919 meV  at Eg = 0.204 MeV .
Meyer Ph.D. thesis (2020), Longland et al. (2010) K —0.07 R 22Na(p, y)?>>Mg* rate
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New rate #*Na(p, y)**Mg SANk—

Monte-Carlo calculations, with wy = 0.257032 meV  at Eg = 0.204 MeV 22Na(p, y)2*Mg* rate

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

— 100%

<0V>totNACRE
<0V>totFougeres
75%
<O-V>totSaIIaska
<0-V>tot|-ougeres

Reaction Rate Ratio

<O-V>totStegmuIIer
< O-V>totFougeres
50%

25%

10-1 L ! ! ! I | ! ! | ! O(y .
0.1 0.2 0.3 0.4 ° C. Fougeéres et al.

Temperature (GK) Results to be submitted
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New rate #*Na(p, y)**Mg SANk—

Monte-Carlo calculations, with wy = 0.257032 meV  at Eg = 0.204 MeV 22Na(p, y)2*Mg* rate

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

— 100%

<0V>totNACRE
<0V>totFougeres
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<O-V>totSaIIaska
<0-V>tot|-ougeres

<V, Stegmuller » Impact on ejected ??Na from novae ?

<O-V>totFougeres
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25%

-1 | ] ] \ | ] | | \ | ]
10 0.1 0.2 0.3 04 0%

Temperature (GK)

C. Fougéres et al.
Results to be submitted
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Predictions in 22Na flux

Simulations of novae

MESA

(Paxton et al, 2013)
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Predictions in 22Na flux =P NI
SEANNE—

ratoire commun CEA/DRF

Simulations of novae

MESA

(Paxton et al, 2013)

Accretion dynamics,
initial WD temp.

Accretion rate

N w H (4] » ~ (o] CD
Flux 22Na (ph.cm2s1)

Nova at 0.5 kpc
MWD =1.2 MO

—
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Predictions in 22Na flux =P NI
SEANNE—

ratoire commun CEA/DRF

Simulations of novae

MESA

(Paxton et al, 2013)

Accretion dynamics,
initial WD temp.

Accretion rate

22Na abundance in
novae

Detection limit

N w H (4] » ~ (o] CD
Flux 22Na (ph.cm2s1)

Nova at 0.5 kpc
MWD =1.2 MO

—

e-ASTROGAM limit
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Predictions in 22Na flux =P N
SEANNE—

ratoire commun CEA/DRF

Accretion dynamics,
initial WD temp.

Simulations of novae

MESA

(Paxton et al, 2013)

Accretion rate

22Na abundance in
novae
Detection limit

Flux 22Na (ph.cm2s1)

N W e O N O

Nova at 0.5 kpc
MWD =1.2 MO

—

e-ASTROGAM limit

Accretion rate

Constrain novae parameters
with observed flux

N W A OO N

1IlllillllillllilllliIlllillllillllillllillllilll

13 13.5 14 145 15 15.5 16 16.5 17
Tuo (MK)
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Outlooks

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

Nova simulations with SHIVA J.oss etal, (1998, 2021) + other free parameters (composition of thermonuclear medium)

THANKS
to E710 collaboration and to you for the attention
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Radioelements observations
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Current results in 22Na cosmic observations @;ﬁxﬁ%

Observation with SPI over 3 years

Flux here: cumulative emission toward Galatic Center, 512 :
fitted by an assumed novae spatial distribution. :

0010° [

Flux (photons 107 s' em? keV™")

50102 F

L 1 1 L L L L 1 L L L 1 L L L L 1 L L L L 1 L L L L 1 L L
1250 1260 / 1270 1280 1290 1300

Energy

Line at 1.275 MeV (1.3 10 ph.cm2.s! (10))
1/3 One novae at 30.yr" - <2.5-5.7 107 Mg per outburst

Instrument background level high at 1.275 MeV energy (from activation by CR of Al material near SPI)
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2Mg* Ex= 7.785 MeV =A
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EVASIONS validation: T of 28Si* Ex= 6.879 MeV

Method (1) DSAM (classic)

3 F@ ~Exp. E_data € [120,170]
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Low lifetimes in 2Mg* L

-#—Exp. Ex=7.786 MeV, ==11fs
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Target chamber

(2)

Beam axis

-252,

/-1
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(1) AGATA

(2) Charade Chamber

(3) Target holder + gold beam catcher (20 um)
(4) SPIDER rings dE-Eres (298, 580 um)

(5) Small Gas Chamber




Target N
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—_ lon Range = 457A Skewness =0,7429 —_ lon Range = 551A Skewness  =0,4208
e Straggle = 306A Kurtosis =2,8643 Cé Straggle = 303A Kurtosis =2,6244 4
=] 4 9x10
) 12x10 { .
~
7] V) 8x10
——N A = 4 2
§ I 643 10x10 = T1 2 7x104
E— E=
o 8x10* = 6x10*
> . N 5x10*
= 10 fE 4x10*
o & 4
> 4x104 o 3x10
= 4 = 2x10*
= 2x10 = 1x10*
| | | 0 L L L 0
- Target Depth - 5000 A 0A - Target Depth - 5000 A

Target n°|measured 3He density | 2easured (o7)

implanted
(107 at.cm™2)

1 2.1+0.21 37+4
2 1.940.19 3443
3 1.5+0.15 1942
4 2.5+0.25 3143
5 2.240.22 2743
8 1.04+0.10 1842
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Decays from states of interest T
@,&%
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0.583, s5aTas— 8-163, 5/2+
1+ 8.062

100 8.016, (5/2,7/2)+

7.855, 7/2+
7.803, 52+ IAS

; e 7.785; 72+

P, - 7.782, (11/2+)

0.65 // 5d42 7.770

0,
g.s. Yo ¥ ] ) L o | —t e -+ 7.581, S,

3+ 22Na

5.454, 11/2+

v — 2.714, 9/2+
2.052, 7/2+

0.451, 5/2+
g.s., 3/2+




Simulations of the experiment: p decay

MC simulations with the EVASIONS code
2Mg* Ex = 7.785 MeV

10°
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E, (MeV)

10?

SPIDER 4
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0.9
Eres (MeV)




Proton resolution

% | T— — D
D
laboratoire commun CEA/DRF CNRS/IN2P3

9.5

Ex*"P%R (MeV)

22
;Na°-5§3 N y 8.450, 5/2+, 3/2+
- RREL|

8.393, 3
8396° 210+, 3/2+
8.288, ?

8.163, 5/2+
8.016, 5/2+, 7/2+
7.855, 7/2+

7.785, 7/2+
7.770, 9/2+

Ex>"P%R (MeV)

B L P P

B T T S P PR P PP PP PP PEPPPY

—1250

1150

100

50



Lifetimes in 23Mg*

Method (1) DSAM

. Ops in [149, 157] deg 2
! 135
2 Ex=2052 MeV
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Lifetimes of astrophysical state
Method

(1) DSAM Oy in [154, 162]deg cuss,

1-ca(fs)

20
18
16
14
12
10

2 (fs)

N A OO ®

Method (2) DCLM

< 7.:3%
S7.3355
o 7:936
7.3345
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7.332
7.3315
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7.33

IR
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Theoretical considerations

Shell Model calculations with NUSHELLX, DWBU

- ‘ 8.042 e
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0.451 __Y Y Y s+ /2 0.444 __Y . o s+ /2
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2 /
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IAS

|dentifications: (1) 7/2+ level with y-ray decay path ~ measurements
SM I'p= 6.4+10'1_4_g meV & I'p= 2.0+6'9_1_5 meV (compiled measurements)

(2) 512+ level close to IAS

(3) 7/2+ level ~ higher resonance at Eg = 0.274 MeV

SM wy = 50" g meV < wy = 39(8) meV (salaska et al., 2017)
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Direct capture contribution

=.Al
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. = A 13
Direct capture rate EAangk—
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Present calculations

Stegmuller (1996), renormalized mean(C?S,) e [0.002,0.56]




Total reaction rate and resonant contribution

22Na(p, Y)23Mg

LA AL L L AL L OB
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Temperature (GK)

‘_O T T T Y N 1 1 AT
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Simulations of novae

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

Profiles
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Agreement with simulation SHIVA J.oss et al, (1998, 2021)
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Novae events In our universe

| N¢
laboratoire commun CEA/DRF

Courtesy of De Oliveira Santos

Closest at 0.7 kpc/20yr




