ooooooooooooooooooooooooo

GANIL E710

(C. MICHELAGNOLI ET AL)
UNDERSTANDING COSMIC

ABUNDANCE OF 22NA

C. Fougeres

GANIL/CEA intern, M2 NPAC student
Supervised by F. de Oliveira
GANIL/CNRS-IN2P3

NUSPIN 2019 - Orsay — C. Fougeres



Astrophysical context : Novae

Nova = white dwarf (WD) star accreting matter from red giant

Thermonuclear events at WD surface

Novae model uncertainties
- Amount of admixed WD material with accreted matter
- Total ejected mass

Impact

- Abundances of nuclei

- Test of Nova models

- Isotopic anomaly presolar grains in meteorites
- Excess of 22Ne in the galactic cosmic rays

- Number of supernovae SNla (dark energy)
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Example : sky map from SPI 3yr exposure at E, = 1.809 %°Al (esa)
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ONe novae : synthesis of radioactive nuclei
2Na  1=2.6yr

- Transparent to thermonuclear medium

- Space correlation with Nova

y-ray telescopes observation = - 24Mg
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Destruction reaction 2Na(p, \

Resonant reaction = Breit Wigner cross section
=> nuclear reaction rate linear to wy resonance strength

< TV }mmg: E-re.-m-nmmz(#{ZEJM,E_P].E;HT
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Direct measurements of wy (TRIUMF/Canada experiment 22Na(p, y)?3Mg)

Normalized resonance reaction rate

Lo
----- 0.198 MeV (upper limit)
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Novae temperature (GK)

Y — 2J+1 h 1
Wy = (222, +1)(2Jp+1) * 7 *BF'“- BP]'

Dominant resonance

)

(¥*Mg* E,=7.786 MeV, Er=0.213 MeV)

Measurements wy (meV)
Direct (Bochum, Germany) 1.8 +0.7
Direct (TRIUMF, Seattle team) 5.7558
Indirect (TRIUMF, Canada team) | 1.4705

Disagreement on wyj 13

and B, => wy 3
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GANIL E710 : Experimental setup
3He(24Mg ,4He)23Mg*

VAMOS

\ W magnetic spectrometer
dE E W) =>4He

SPIDER
dE-E Si detector

:>p

TARGET
SHe on Au foil

n AGATA
) | segmented Ge array
' =>y from 23Mg*

Yy in AGATA coincidence with particles in
BEAM VAMOS or SPIDER

e 24 -1
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SPIDER first results SEANGE—

Identification of light reaction elements (p, “He)

45

Data = 3.9% of total experimental data

40

dE (MeV)

10*
35

30

,L-.,Jﬂ-b-|-|- THE |‘--|glr 1y |-|-| [

25
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153

10 10

0 10 20 30 40 50 ~ 60

- Quantify independently B, branching ratio E-S »A”%
- Constrain coincidence y spectra with E,;¢ Na s [18%

Y 2.052

Y 0.451
— = 0.0
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SPIDER first results

Identification of light reaction elements (p, “He)
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laboratoire commun CEA/DRF CNRS/IN2P3

—~ 45 _
= — —
2 — - Data = 3.9% of total experimental data B
o 40— .
°E et — 10*
35— —
% ; 10°

25

20 ]

10?

15f
10} 10
5§
0 : : ' ' R 1
0 10 20 30 40 50 60
Ecal (MeV)
| 7.785
s
- Quantify independently B, branching ratio E-S =
- Constrain coincidence y spectra with E,;¢ Na s [18%
Y 2.052
[ 0.451
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Identification of y lines from %*Mg

y rays = Doppler redshifted
7.786 9.328

E E {] 32) E- p [ P ,— 23‘”/1'9*
2 ¥ ,ﬂ 1— .B C‘DSE’ G.S § 3% 1.528 X% :
22Na
18% |78%
100%
2.052
83%
Y Y 0.451 v
o, 00 s 00

Figure 4: Decay scheme of two 3Mg* states, at (E = 7.786 MeV, E = 9.238 MeV).
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Identification of y lines from Mg SANG-

y rays = Doppler redshifted

(1 '59]%_ D 7.786 D 9.328
. — — —_— 23M *
Ey=Eyo0 15 cos, GS b 1.528 /% g
22 Na
18% TA%
100%
2.052
83%
Y Y 0451 v
0.0 EQNQ—U.O

23Mg
Figure 4: Decay scheme of two 3Mg* states, at (E = 7.786 MeV, E = 9.238 MeV).
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Identification of y lines from Mg AN

y rays = Doppler redshifted
1 7.786 9.328
_ (1-8%)2 p — P a3y,
LBy = By 075 e85 G.S  fim 1.528  /fn g
22Na
18% TE%
100%
2.052
83%
Y Y 0.451 v
0.0 EQNQ—U.O

23Mg
Figure 4: Decay scheme of two 3Mg* states, at (E = 7.786 MeV, E = 9.238 MeV).

— B =0.077000|

— B = 0.000000 s
kel
er]

6 (deg)

TN TR N | T TR TR I TR T ) H N
1580 1600 1620 1640

E, (keV)

PN TRN ANT N T N [N T S TR NN TN TN T AN SO T TR TN N [N TN S TN N TN SO T AN N 11 PN SN T N T ST AN N TN SO [N TN S S N 1
1500 1520 1540 1560 1580 1600 1620 1640 Q480 7500 1520 1540 1560
E, (keV)

Preliminary measurement of § = 0.077 +/- 0.003
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laboratoire commun CEI\/DRF

Background reduction in y spectra SEANk-

Coincidence with VAMOS “4He
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Background reduction in y spectra

Coincidence with VAMOS “4He

“He Bp €[1.018;1.023] T.m

3 3
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Background reduct

Coincidence with VAMOS “4He

lon in y spectra

“He Bp €[1.018;1.023] T.m
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Preliminary results on 1

Simulated y spectra as a function of T 22Mg* states
=> Doppler shifted simulated y peak broader as 71 larger
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Preliminary results on 1

Simulated y spectra as a function of T 22Mg* states
=> Doppler shifted simulated y peak broader as 71 larger
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Preliminary results on 1

Simulated y spectra as a function of T 22Mg* states

=> Doppler shifted simulated y peak broader as 1 larger Reference values -

2200 - - 1=80fs (NNDC)
2000 . 1=105+/-18fs (2)
1800 = 10.000000 ‘g i tau = 50.000000
1600 - —— 1= 2.000000 © r tau = 80.000000
1400 f— —— 1=5.000000 12:_ tau = 110.000000
1200 - of = [124:133]°
1000 -
800 - i
- 8
600 - a n
a00f- k -
C 6—
200~ i
D :I 1 1 l 1 1 1 l 11 1 I]LI—] | — I. - 1 l ] I 1 ] ]
6.95 7 7.05 4—
E., MeV i |
p 7.786 i
GS A a o ﬂ
22 nr B -
J\Ia lﬂ% ?R% i |m||||||||||||||||||a'e -]
1300 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
E.(keV
Y 2.052 ikeV)
83% —_ —_
b ™™ 1 st 7= 80 +/- 20 fs (Egy, = 2.052 MeV)
214 0.0 Chi2/ndf = 0.628146 (1 = 50fs)

I oo Chi2/ndf = 0.518619 (1 = 80fs)
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My Nova simulation : heuristic model

NeNaMg nuclear network simulation (T ,,, = 0.2 GK during 20s)

102 . -

B o
L L e 0 o MO === SRR e
[ N T - 20Ne 22Na
& 13_13:, ---------------------- 2INe - 23Na
”%' ow, |- 22Ne 22Mg
€102 T 21Na 23Mg
20 40 60 80 100 120 140
0.30
0.25 1
v 0.20 1
g 0.15 4
 0.10;
0.05 1
0.00 1
20 40 60 80 100 120 140
time (s)
? 1434018 i_ Tnnvae D EGK
2 = 3
-~ 14.340178 .
i = - Nucleus mass fraction = constant at the
E.? e end of nova explosion
14340174 [
= - [@/ndf 3.369e-12/ 4453 :
asorzz|o- | b0 —7.8890-08 + 7.014611 - Nova ejected *Na mass ~ 10 Mg
ssorr f [ 143444247010 Law with T (23Mg*; 7g5) .
a1 | IR RS RN M A 11 i Maana(€j€Cted) = A -3
10° 10’ 1

T of Mg (fs)

0.213MaV
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1. ONe Nova nuclear network : 0.213MeV dominant resonance on destruction 2?Na(p, y)**Mg
confirmed
Nova simulation : ??Na ejected matter dependence on T (*Mg* 75 )
= 1 =10fs, Flux = 2.47 10°>ph.cm-2.s't (Nova 1kpc) vs SPI sensitivity 3.10°ph.cm-2.s!

2. E710 GANIL indirect experiment : 3He(**Mg,*He)?3Mg* with particle detectors
(SPIDER/VAMOS) and y ray detector AGATA

3. E710 first results on particle/y data
- SPIDER : identification of (p, “He) dE-E curbs
- AGATA : DS/notDS lines from 22Mg*, 2°Na*
preliminary estimations of 8 (¥3Mg*) and T (23Mg*, ;s.)

@wtrIJ ok

Proton branching ratio B,

2. Excited 22Mg- ¢4 lifetime (shape analysis with simulated y spectra)

3. Impact of derived resonant destruction rate on nova %?Na abundance (simulation with more
complex models)

NPAC defence - Orsay — C. Fougéres 11/11



1. ONe Nova nuclear network : 0.213MeV dominant resonance on destruction 2?Na(p, y)**Mg
confirmed
Nova simulation : ??Na ejected matter dependence on T (*Mg* 75 )
= 1 =10fs, Flux = 2.47 10°>ph.cm-2.s't (Nova 1kpc) vs SPI sensitivity 3.10°ph.cm-2.s!

2. E710 GANIL indirect experiment : 3He(**Mg,*He)?3Mg* with particle detectors
(SPIDER/VAMOS) and y ray detector AGATA

3. E710 first results on particle/y data
- SPIDER : identification of (p, “He) dE-E curbs
- AGATA : DS/notDS lines from 22Mg*, 2°Na*
preliminary estimations of 8 (¥3Mg*) and T (23Mg*, ;s.)

@wtrIJ ok

Proton branching ratio B,

2. Excited 22Mg- ¢4 lifetime (shape analysis with simulated y spectra)

3. Impact of derived resonant destruction rate on nova %?Na abundance (simulation with more
complex models)

Thank you for your attention
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Appendice

|:> Astrophysical search for 22Na line at 1.275 MeV

Gamma spectrum resulting from

observation with SPI over 3years (1).

The flux represents cumulative

I emission toward Galatic Center fitted

| 1 . l | 1 [: by novae assumed spatial distribution.
Ll

50107 |

oot L HI

H HH l‘ ' [1 ‘““ = Line at 1.275 hardly seen : 1.3 105

ph.cm=2.s1(10)

= With 1/3 One novae at rate 30 per
year, derived ejected mass upper
limit 2.5-5.7 107 Mg, per outburst

Flux (photons 107 s em? keV)

50102 L

1280 1290 1300

1260

L 1 L L
1270
Energy

Important issue to tackle : instrument background level high at the energy looked at
(activation by Cosmic Rays of aluminium material near detector)

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

:> VAMOS

lonisation Chamber Silicon Wall
SeD \ /

BGO antiCompton shielding

/

L TR Tt E v

Reference X\
Trajectory

Image Plane
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A. Reaction kinematics

:> Simulation of reaction products (**Mg, “He) and p
E., MeV

120
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23\g 7.786 MeV
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A. Coincidence with “He

6200

E, |Kev)

6000

3800

2600

400

3200

0007675 08 085

NPAC defence - Orsay — C. Fougéres

By .
'&'-""n'nrnr\rr‘l-l||||||||||||||||

09 1 1.05 1.1 115 12

Bo {Tm™
[0.93;0.95] T.m1

4.5

3.5

2.5

1.5

0.5

L= — W AN

L"\
1™

laboratoire commun CEA/DRF

_ _
— 180 =10
b C
E’ 1?03"—"""..'“. e, T R 7
Lt o i
160?1".' Mg e .'Il“'“lr""
ol " s
150%/5. o
™ 'f.J S .
140 [tk 'J:f!
I__I:4I|I:l: ' o 3
] I A '|
130 -:_H;; .ﬂu “\'I:I! .'\". ’.: . |” ,
120 EEE. i Ir-l'il ", I .'.I W "
= L I
= | |
1000 5200 5400 5600 5800 5000 6200
E., {keV)

10/16



First results : AGATA y lines

y rays = Doppler redshifted (moving source from detector)

d 35.6% of total data
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