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+ The 2°Ne(p,y)**Na reaction: astrophysical
motivations

* A direct measurement at HZDR Tandetron
accelerator

* An ongoing study at LUNA
v"nuclear astrophysics deep underground
v"LUNA 400 kV setup
v status of the measurement



* If A>20 seednucleiare present in the stellar
environment, they can contribute o hydrogen burning
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* 22Ne(p,y)?*Na is important for the nucleosynthesis
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EievlkeV] | Eres-4B[keV]

"8822 29.2
88295  37.0
8862? 71
8894> 104
8946 159
8972 186
9000> 215
90387 256
9072 291

-9103 323
9113 333
9147 369
9171 3940
921102 436

| 92521 479
9396.39 630
94048 639
9426.1 661

C. lliadis et al. Nucl. Phys. A841,251-322(2010)

<5.2E-26
3.1E-15
disregarded
disregarded
6.5E-7
<2.6E-6
disregarded
<2.6E-6
<2.2E-6
<2.2E-6
<3.0E-6
<6.0E-4
<6.0E-4
0.065+0.015
0.524+0.051
0.03+0.01
2.8+0.3
0.35+0.1

Contribution to thermonuclear reaction rate
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EievlkeV] | Eres-4B[keV]

C. lliadis et al. Nucl. Phys. A841,251-322(2010)

8822 29.2 <5.2E-26
88295  37.0 3.1E-15
8862? 71 disregarded
88942 104 disregarded

0 8946 159 6.5E-7

= | 8972 186 <2.6E-6
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-9103 323 «2.2E-6
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o | 9171 394.0 <6.0E-4

2 921102 436 0.065+0.015
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94048 639 2.8:0.3
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HZDR under analysis




EievlkeV] | Eres-4B[keV]

LUNA preliminary test

C. lliadis et al. Nucl. Phys. A841,251-322(2010)
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EievlkeV] | Eres-4B[keV]

LUNA ongoing
/ measurement
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5 days of beam time

3 MV Tandetron accelerator at HZDR

v Ebeam: 0.1 - 3MV

v Ibeam: 7 pA
Supported by the SPIRIT project and INFN
Measurement of the resonance at E;,,=436 keV




Experimental setup

70 mm 152 mm

Lead
Target chamber

T T
1inium target holder

Ton beam

Cooling water

194 mm

100% detector

Geant 4 simulations




- Solid targets prepared at Legnaro National
Laboratory implanter

v22Ne implanted on Ta backing (27 mm diameter, 0.22 mm
thickness)

v Implantation energies: 150 keV (dose: 1.5 10 at/cm?)
and 70 keV (dose: 0.7 1017 at/cm?)

v" Stoichiometry and target stabilty checked through the
well known 22Ne(p,y)>3Na resonance at E,,,= 1279 keV

v Ne:Ta % 1:8

- Setup: two HPGe detectors with BGO
anticompton shielding



Strength of the 436 keV resonance compatible with the
literature but with a smaller error

oy = (0.065+0015) ey —>
C. lliadis et al. Nucl. Phys. A 841, 251 - 322 (2010)
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v HPGe detector (n=135%)
shielded by 4 cm copper and
25 cm lead

v BGO detector (4m): 7 cm
radial thickness and 28 cm
length

Counts (keV h)1

© 05 MeV<E <8 MeV
v 0.5 counts/s

Measured by
1 HPGe
going underground detector

© 05 MeV<E <8 MeV
v~ 0.0002 counts/s
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Solid target

Beam energy: 50 - 400 keV Proton Beam

Maximum current: 500 pA for protons
Energy spread: 100 eV

Long term stability: 5 eV/h

Gas target

Third
Pumping Stage

Second

Pumping Stage  Pumping Stags

First

Target Chamber

Target Gas Bottle

Purifier

Buffer




Solid target

Beam energy: 50 - 400 keV

Gas target

25 mm

177 mm

Collimator

Maximum current: 500 pA for protons

Energy spread: 100 eV

Long term stability: 5 eV/h

Beam Tube

Target Chamber

A the LUNA target chamber

79 mm

Calorimeter



Geasuremen’r of the 2°Ne(p,y)?>3Na cross section with isotopically \
enriched 2°Ne gas:

= Germanium detectors
v Measurement of different branching ratios of the resonance decay

= 47 BGO detector:
v high E, efficiency n # 70 %
k v Lower energies /

Preliminary measurements:

= test with natural neon gas:
v" Energy range: 120-400 keV
v Germanium detector

= gas target characterization



= Useof 2H(a,y)eLi setup
= Beam Energy: 120 - 400 keV
* Natural neon gas:

v 9048 % ?°Ne

v 027 % 2Ne

v 925 % 22Ne

= Windowless gas target
= Pressure: 0.6 - 2.5 mbar
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Density profile studied
without the beam

Overall accurancy of 0.4%

» Yield:
Y= [ p@o(E@)n(2)dz
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« Study of the density variation due to the beam heating

— Natural neon gas

— 2INe(p,y)**Na resonance at E\,=274 keV
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Lead shielding
HPGe 2 @ 90° 70x70x 95 cm

.

Target chamber

Copper HPGe 1 @ 55°

shielding

~ 4 orders of magnitude background reduction compared to
the unshielded detectors



Target chamber with
“*\‘”‘ lead shielding

~ 4 orders of magnitude background reduction compared to
the unshielded detectors




EielkeV] | Eres#B[keV]

8822 29.2 <5.2E-26

8829.5 370 3.1E-15 LUNA ongoing
8862? 71 disregarded / measurement
88942 104 disregarded

8946 159 6.5E-7

8972 186 <2.6E-6

9000? 215 disregarded

9038.7 256 <2.6E-6

9072 291 <2.2E-6

9103 323 <2.2E-6

9113 333 <3.0E-6

9147 369 <6.0E-4

9171 394.0 <6.0E-4

9211.02 436 0.065+0.015

9252.1 479 0.524+0.051

9396.39 630 0.03+£0.01

9404.8 639 2.8+0.3

9426.1 661 0.35:0.1



Yield [counts/100uC]
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Preliminary results, data taking still ongoing
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Preliminary results, data taking still ongoing
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» Strength of the 436 keV resonance has
been measured @ HZDR 3MV Tandetron

« @ LUNA 400 kV, with extremely low
background, we are measuring the
2’Ne(p,y)?3Na down to the energies of
astrophysical interest

» Five resonances (E = 158 keV, 186 keV, 256
keV, 323 keV and 333 keV) have been
observed so far

* Data taking will be over in June 2014 —
anks for
your attention
O
O
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Backup slides



Astrophysical motivations
« RGB stars:

— 0.015 GK <T< 0.06 GK
(30 keV <E,« 90 keV)

— Na and O abundances
are in anticorrelation, g | s
this can be explained z. | D . 0
with the action of CNO o
and NeNa cycle |

| 1958 red giants

— Understand how the 05| from19 GCs

Eroduc’rs of hydrogen = | R
urning can be brought [0/Fe

.‘.O The Sur'face Carretta et al. /:&A»-SOS (2009)



Astrophysical motivations

« AGB stars 0.1<T<0.5 GK

— Composition of mass loss because of the stellar
wind

* Novae 0.1<T<0.5 GK 120<E<600 keV

— the material accreted on the WD becomes
degenerate and the H-burning is ignited in unstable
conditions: outer layers are expelled

— the NeNa cycle is important for the composition of
the ejecta



