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Astrophysical Motivation

* The 2Ne(a,~)6Mg reaction (Q,, = 10.6 MeV) competes with the

22Ne(o,n)2sMg reaction (Q,, = - 478 keV)|-> Source of neutrons for s-process in

low-mass Asymptotic Giant Branch stars (AGB)
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22Ne(o,n)2sMg reaction (Q,, = - 478 keV)|-> Source of neutrons for s-process in

T=2.5-10%K

Convective core He-burning

T~10°K
Convective core C-burning

* Thel2Ne(a.,~)$Mg reaction rate|affects the nucleosynthesis of isotopes
between 26Mg and 31P in intermediate-mass AGBs




* The non-resonant contribution is small
* Three dominating resonances:

* Eo =831 keV (E, =11318 keV) » w~ known within 6% of uncertainty ;
* Ea =637 keV (E, = 11154 keV) > negligible contribute ;
* Ea =395 keV (E, =10950 keV) » 22?2 ;
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NACRE, oy =1.4-10.°
Longland 2012, wy=8.7-10 o
Longland + lliadis, &y = 3.6-10°
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eransasso © 1400 m of Dolomite rock

*u Laboratory

LUNN

CRESST
DarkSide

Borexino

Adriatic

> natural shielding
against cosmic rays

* 400kV accelerator - high
. intensity, higly
collimated and stable H*
and “He* beams

Two beam-lines: gas

target and solid target
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Counts per keV and hour

— — ~ Earth's surface (1000 m a.s.l.), no shield
— Gran Sasso, 5 cm Pb shield
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The Setup

* The measurement was
| performed at the gas target
R beam line
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* The measurement was

performed at the gas target
beam line

* 399.9 keV *H beam, | ~ 250 pA




* The measurement was
performed at the gas target
beam line

399.9 keV *H beam, | ~ 250 pA

differential pumped
windowless gas target
system > three pumping
stages

rrrrrrrrrrr

P..= 107> 103 mbar

e P =1 mbar

chamber

VHe 3 VHe 4%

| T

" Ly 5 / r -' 2 ...-. A
e ¥ # i Ar
¢ £ Nl . ) xhaus n N, o
e ) | Y 4 ! ] D

Recirculation mode

11




s ° Target gas: 99.999% pure,
F¥Y  99.9% enriched *Ne gas

* Target chamber surrounded
by the detectors:
6 optically indipendent
BGO crystals

* Solid angle ~ 4w

* Timestamp and energy
recorded for each event >
addback spectrum offline
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Calorimeter

99.999% pure 22Ne gas

The detector: 6 optically
indipendent BGO crystals

Calorimetric measurement
of Ibeam

Cold side at 7° by a cooling
machine

Hot side kept at 70° by the
power of 8 resistors W
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The Data Acquisition

o, (Q Target Gas Target Pressure E, Aim
days [C] mbar] keV]|

19 - - - - Laboratory background
0.5 13.5 Ar 0.468 399.9 Beam induced background
21.2 430 “Ne 1 399.9 395 keV resonance

* Laboratory Background spectra acquired before, after and far before the measurement
* Insufficient statistics for the Beam Induced Background (B.l.B) estimation

* Contamination in the target gas was monitored using a mass spectrometer
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The Analysis and Results:

* Characterization of the setup:

e Calorimeter calibration:
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Density [1 0'° atoms/cm3]

* Characterization of the setup:

e Calorimeter calibration

* Density profile of the target determined
> Energy loss inside the chamber > |, ..,
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* Characterization of the setup:
* Calorimeter calibration
* Density profile

* Calibration in efficiency of the detector: »
tuning simulations by Geant 3 and Geant 4
codes with experimental data

Y“N(p,~)*0 reaction resonance at E =278 keV addback spectrum 137Cs point-like source
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Is there a significant signal?-> Lab. Back. vs 22Ne spectra
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* Comparison between Laboratory Background spectra and
the experimental spectra

 Calculation of the Critical Limit (L_;) and of the Net Count (N)
in the ROI:

=2 N < I'crit

* Calculation of the Upper Limit of the resonance strength

> Wy, =1:1010eV
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“Preliminary” Results

* Some problems in the first campaign MUST be overcomed- e.g. same
statistics for B.l.B. and the measurement

* Some improvements still can be done- e.g. reducing the neutrons
background with a shield against neutrons around the detector

4

New campaign is ongoing

4

1 order of magnitude lower in wn

22



e s

* The fundamental role of the 22Ne(a,~)26Mg reaction in Astrophysics

* Why going underground?

* Experimental Results and ...

* ...lssues
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Thank You for the Attention
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