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R TRIUMF Introduction

22Ne(p,y)**Na reaction affects 22Na abundance in various stellar sites:

* Hot-bottom burning (HBB) in AGB stars (M>4M))

* Convective carbon-shell burning in massive stars (competes with
22Ne(a,n)?°Mg)

* Nova nucleosynthesis (0.15 < T < 0.45 GK)

Increased interest in abundance prediction since discovery of Na-O anti-
correlation in red giant stars of globular clusters
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- Anomalies in O, Na, Mg, Al abundances in GC stars as a result of “pollution’
from AGB stars undergoing HBB?

- Abundance patterns 2 study nucleosynthesis pathes in all cycles!
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B+ decay

* NeNa cycle of H-burning (T>0.07 GK)
* Low contribution to energy budget

== ¢ BUT: Importance for stellar

nucleosynthesis
* Affects abundance of elements between
20Ne & 27Al
... _1 * Rate of NeNa cycle determined by
et B 20Ne(p, y)2'Na

2Ne(p,y)*Na 3
ZNa(p,y)**Mg

npavee=| o BUT: Highest uncertainty in 22Ne(p,y)?3Na

0.1
TIGK]

3



QR TRIUMF 22Ne(p, y)?3Na reaction rate
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22Ne(p,y)?**Na reaction rate

Q2 TRIUMF

* Uncertainties in wy for (until recently unobserved) low-energy resonances
* > Discrepancies between compilations by up to a factor of 1000 (T~0.08GK)
* - Abundance variations for nuclides between 2°Ne & 27Al by up to 2 orders of magnitude!

10° NACRE (1999)
i C. lliadis et al. (2010)
First data on several low-energy 103 Cavanna et al. (2015) ==
resonances published by LUNA group f
’f 102
v
=
wy(E.,=149 keV) = (1.48(10) x 107) eV 3 10
[}
wy(E=181 keV) = (1.87(6) x 10°6) eV = o
wy(E.,=249 keV) = (6.89(16) x 10°6) eV
10-1 ) I_HBB_i
0.03 0.06 0.1 0.3 0.6 1

Temperature [GK]

- Confirmation with different method! .



2 TRIUMF Previous measurements of low-energy resonances

Recent measurement of low-energy resonances by Kelly et. al. (PRC 95, 015806
(2017)) at Laboratory for Experimental Nuclear Astrophysics (LENA)

e oy(E,,=151 keV) = (2.03(40) x 107) eV Agreement within 1.40 level
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2 TRIUMF Previous measurements of low-energy resonances

Recent measurement of low-energy resonances by Kelly et. al. (PRC 95, 015806
(2017)) at Laboratory for Experimental Nuclear Astrophysics (LENA)

e oy(E,,=151 keV) = (2.03(40) x 107) eV Agreement within 1.40 level
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) - Performed direct study of ?’Ne(p,y)**Na reaction |
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Q@ TRIUMF Objectives

DRAGON Objectives:

* Study energy range relevant to AGB stars and novae for temperatures
between 0.1 GK and 0.4 GK

* Direct measurement of E_ = 149, keV, 181 keV, 249 keV resonances
* Re-measure “well-known” reference resonances (E_,=458, 611, 632,
1222 keV)

* Provide more stringent limits on cross sections between 280 and 400
keV (direct capture contribution)



@TRlUMF DRA GON Detector of Recoils And Gamma-rays Of Nuclear reactions

H T
l Inm Nimy

Hl- l-_fl --:!!-{; -5,

Jln
A
(18

[LREL 31




«@,TRIUMF DRAGON - Detector of Recoils And Gamma-rays Of Nuclear reactions
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R TRIUMF

Particle detection — end detectors
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@ TRIUMF 22Ne(p, y)*®Na at DRAGON
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R TRIUMF = 458 keV — DRAGON measurement
—_BGO hit pattern 2/ ndf 5.217e+04/8

Relevance: '::Iq TrTrTTTTTTTETTT T T T z:;bstant 3.416e+0513.5359+02
350 Mean 0.002896 = 0.005052

* Significant contribution to 22Ne(p,7)?3Na o

reaction rate ol
* Standard reference resonance ‘5°§
* 22Ne-Ta target stoichiometries 1:2

(22Ne(a’n)25Mg & 22Ne(a’ )/)ZGMg ) 92?) 45 A0 5 0 5 10 15 go

Y z-Position [cm]

[ DSSSD spectrum |

Measurement: = 90000 T
geooof e oats
* ~7 hrs of data = High statistics ET0000E s s -
3 60000 ;_ —— Fit-Leakies Prob 0
* High beam suppression with q,,.,=6* (a,eam=4") 50000 F- o as16 - 0005
- p2 0.4735 = 0.0028
. . . . 40000 8.221e+04 = 7.620e+01
* Measured charge-state distribution and stopping 5 "
30000 = p5 0.2221 + 0.0002
e p6 1.338e+04 = 4.173e+01
20000 7 .802 = 0.000
power oonoE : b o111 - 0000

* Singles & coincidence analysis give consistent results! e ATUYFURV A --{5_5---1'1---,-;_5-3

DSSSD energy [MeVi] 3
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QTRIUMF E..= 181 keV

Cha"enging measurement... [ Separator TOF - 181 keV resonance | | — xothl _____
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* Low resonance strength between 1.8*10°eV and 2.3*10° eV ; 7t Tl
* Second lowest energy ever received at DRAGON 8 sf -

* Increased beam emittance - Higher background level
* Recoil cone angle at limit of geometric acceptance
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QR TRIUMF

E.=181keV
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wy [eV]
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QR TRIUMF Results overview - wy

E., [keV] DRAGON LUNA LENA Longland Meyer Keinonen

wy [eV] wy [eV] wy [eV] wy [eV] wy [eV] wy [eV]
149 N/A 1.48(10)x10’ 2.03(40)x107 N/A N/A N/A
181 . 1.24(11)x10° 1.87(6)x10® 2.32(32)x10® N/A N/A N/A
249 :E 8.58(48)x10° 6.89(16)x10° N/A N/A N/A N/A
458 :% 0.472(10) 0.594(38) 0.583(43)* 0.524(51) | 0.45(10)* N/A
611 '—;E 3.17(22) 2.45(18) N/A N/A N/A 2.8(3)
632 ct 0.547(18) 0.032 +0.024 N/A N/A 0.35(10) N/A

- 0.009

1222 11.94 +/- 1.19 10.8(7)* N/A N/A N/A 10.5+/-1.0

Meyer/Endt: 0y(458)/wy(612) = 0.144 & wy(612)/wy(1222) = 0.042

Consistency in ratios

DRAGON: wy(458)/cry(612) = 0.146 & wy(612)/wy(1222) = 0.040 _




@,TRlUMF Results

Cross Section Measurements S-Factor Plot gorg
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* Gorres: S =62 keV b; Observed DC-> 0 energy dependence [5]
* Rolfs:S=67+/-19keV b
* LENA measurement at E_, = 407 keV - Normalization to 458 keV results in good agreement

* DRAGON measurement at low energies_verifies direct capture model extrapolations

« Reduced uncertainty at low energies! 40% = 3.8% 19




R TRIUMF Results
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* First direct study of 2Ne(p,y)>3Na capture rate with DRAGON in inverse kinematics

* DRAGON collected data for 7 on-resonance measurements + DC measurements

*  wy(458 keV) ~20% lower than 2015 results (LUNA (HZDR) & LENA)
- Low uncertainty allows for reliable use as reference resonance

*  wy(181 keV) ~34% weaker than LUNA wy & ~53% weaker than LENA wy

-> Re-normalization - Good agreement for low-energy resonances (LUNA, LENA)
* wy(458)/wy(612) & wy(612)/wy(1222) ratios consistent with Meyer/Endt results

* Reduced uncertainty on DC contribution 40% - 3.8%

* DRAGON rate maps closely with recent LENA rate

Next } * Abundance calculations with revised rate — impact in other astrophysical sites?

steps: * 181 keV verification with reduced uncertainty & 149 keV in inverse kinematics21
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