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Astrophysical interest : Nova outburst
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Direct novae observations

Observed in all wavelengths, not yet with low MeV y rays
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COSI - launch : 2027

Direct novae observations

Observed in all wavelengths, not yet with low MeV y rays
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| Experimental setup for the spectroscopy of ?Ne

a(°0,°0)a
Ge detector
l Radioactivity of O (T, , = 1225)
~10 counts/s
ECS co1
g\/ %ré g(% Ey =511 keV
Z-spectrometer 4
50 beam He
CIME €SS2 ¢ss:T 0 ——— el = =
34 cm
G 9 cm " Si detector
150 beam from SPIRAL : aseous target ("He) FWHM = 17 kev
_ 106 Pressure = 350 Torr Angular coverage (lab) = [0, 2]°
oo = 10° pps N
E, . =18MeV/u(spread 0.1%) Ti windows
e Purity > 97% thin entrance 2,6 ym

thick exit 6 um -> Beam stopped at exit
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Simulated results for the spectroscopy of ?Ne

Elastic °O(a,a)*O reactions probing levels in ¥?Ne at E < [-0.3,+0.6] MeV from S,

Present Experiment
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Impact on the reaction rate ¥F(p,a)°O

18F(p, 0(.)150

(A) Doublet 3/2+ (6, 9), interference

Mejec (10_6 M@)
160 180 18F 19F
Rate (A) | 1.1 85x107% 1.1x10> 6.3x107
RateB) | 1.1 1.7x107° 3.9x10> 1.1x10°°

(B) Triplet (5, 8, 10)

Factor 3.5 between the ejected mass calculated with
the two rates

» Maximum detectability distance impacted by a
factor 1.9
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Astrophysical impact
High resolution spectroscopy of 1’Ne (ocm < 5 keV) at GANIL to constrain :
o 8F(p,a)>Orate
e 8F production in nova outbursts

e detection of *¥F y rays in novae for future space telescopes

Rate A Rate B

Flux in F from ONe novae
Sun

COSI

-> Frequency ~ 1 event/ 6 yr
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Physics motivation : Clusters

e Light nuclei-> cluster configuration where nucleons are grouped in clusters
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Physics motivation : 1°Be states

A ?
B 4 8
‘a r LifZ: 10*° sec - He(gs) * He(2+)
a B O & /I . ? e e e e - 1223 "He +’He
a v . « 68 T ’ O e e 1215 8Be +4n
® ® Hoylestate 7 | c 0= === 1207 2a+4n
) 2= m——————- 11.90 °He (g.s) + °He(2+)
o* /65  _ 0 10 mm e ———— - 10.1
' ®He + °He
2* 4.44
4_ - ; ____ 8.96
o He + °He
12C Yang et al. (2014)

->12.1 resonance, FWHM < 150 keV
(Yang et al. (2014) : 800 keV)
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Experiment method

e Resonant elastic scattering reaction a(®He, 8He)a -> population of 12Be states
e SHebeam at 1.8 MeV/u, and ACTAR TPC filled with “He gas

pad plane - anode , Siwall

field cage
entrance window

cathode

—» presented by Thomas Roger
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Experiment method : a(3He,®He)a

Si wall

ACTAR
8He Vv

4 '
>

“He gas

8He energy (lab): 1.49

1.46

Corresponding E*(*?Be) : 13.0

12.9

111
10.5

gas:
“He (97%) + iC,H,, (3%)
_ 900 mbar
_ 700 mbar
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Experiment method : a(®He,2He)a : -
Si wall ° 4He
ACTAR 1 — of® )‘<
Ve;'ﬁtexH/ E
| sof
4He gas Oz.éij—ifglgﬁ.g. T B | !
8He energy (lab) : 1.49 0.97 0 TR R
1.46 0.73
|
| gas
| ‘He (97%) +iC,H, . (3%)
| _ 900 mbar
l | _ 700 mbar
l l
Corresponding E*(*?Be) : 13.0 11.1
12.9 10.5
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Preliminary results : Particle identification
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o« e Previous experiment
| Prellmlnary results resolution (FWHM) = 800 keV
. . "1(a) 11.7 ¥
This experiment .. l 'l
resolution (FWHM) < 150 keV €
8 a-
e —x=11.7 .
B r —x=12.1 21
100_— .
: ' " 5 2
2 o / E /MeV
S _
8 60:— 20.
40:— 15-
20:— “ 10-‘
. 54
0 1 1 1 l 1 11 I | ] [ | I | ] [ I 1 1 1 I | I I | i
11 11.5 12 12.5 13 13.5 14 .
Ex (MeV) 20

Ex/MeV

Z.H.YangandY.L.Ye(2014)

GANIL P o i g AST'RA'NU‘CAP'_Wor_kshO_p 14



8
s

CompariSOn of the
- two experlments
methods |




Conclusion

Active target Non-active target
Energy Resolution High Very high
Angular Coverage High Limited to conserve the energy resolution
Electronic Noise Higher Lower
Contaminations Lower Higher
Beam Intensity Requirement Lower Higher
Angular Distribution Analysis | Feasible due to full angular coverage Limited, may require additional detectors

pad plane - anode : Siwall

'f‘ﬁl//%%%%ﬂ@ e

field cage

entrance window
cathode
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Conclusion Thank you for your attention!
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Current status in 8F(p,a)>O
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Simulated results for the spectroscopy of ?Ne

e |dentification of [=0 states near SIO

* Simulated data

— R-matrix fit, x?/ndf=1.8
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Simulated results for the spectroscopy of ?Ne

Calibration via elastic a(*’N, *N)a reaction probing analog levels in 1°F

Levels in *F at Ex € [6, 7] MeV Present experiment
Measurement Smotrich (1961) and 400
reanalysis Bardayan (2005) 350

* Simulated data

— R-matrix fit, x°/ndf=1.4
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