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Astrophysical	Mo(va(on	

Hydrogen	burning	in:	

•  red	giants,	AGB	stars,	massive	stars	and	classical	novae	
•  CNO	cycles	

•  re-circula(on	processes	(mixing,	convec(on,	…)	
•  isotopic	abundances	(15N,	17,18O,	18F,	19F,	…)	

•  pre-solar	grains	composi(on		



M.	AlioZa	 Hydrogen	Burning	via	CNO	Cycles	

Nuclear	Astrophysics	at	the	Dresden	Felsenkeller	–	26-28	June	2017	

CNO	cycles		



M.	AlioZa	 Mixing	Processes	in	AGB	stars	

Mixing	processes	in	AGB	stars	

massive	AGB	stars	
Hot	BoZom	
Burning	
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low-mass	AGB	stars	
Cool	BoZom	
Processing	

17,18O	isotopes	believed	to	be	ideal	tracers	for	HBB	and	CBP	

their	abundances	can	provide	clues	to	physical	condi(ons	and	mixing	



M.	AlioZa	 	Aims	
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• 	Stellar	models	are	affected	by	uncertain(es	in	17O/16O	and	18O/16O	isotopic	ra(os	

• 	Uncertain(es	come	primarily	from	destruc0on	rate	of	the	two	isotopes	 	 	

	 	 	 	 	17O(p,α)14N	and	18O(p,α)15N	

• 	Our	aim:	study	both	reac(ons	at	relevant	energies	to	reduce	the	uncertain(es	in		

	17,18O	isotopic	abundances	

• 	Very	low	cross-sec(ons:	10-9	to	10-12	barn	

• 	Very	low	coun(ng	rates	expected:	~1	count/h	

• 	Natural	background	can	be	cri(cal	à	Need	for	underground	measurements	
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State	of	Affairs	
(before	our	measurements)	
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M	AlioZa	 The	17O(p,α)14N	reac(on	

resonance	strength	of	193keV	state	well	known	
resonance	strength	of	70keV	state	largely	uncertain	

AIMS:	
1)	measure	resonance	strength	of	70keV	state	
2)	determine	new	reac(on	rate	

Buckner	et	al,	PRC	91	(2015)	015812	
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M.	AlioZa	 The	18O(p,α)15N	reac(on	

AIMS	
1)	measure	full	excita(on	func(on	to	lowest	accessible	energy	
2)	check	resonance	energy	of	95keV	state	
3)	R-matrix	fit	to	cross	sec(on	à	reac(on	rate	
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•  Reac(on	rate	(at	T	=	0.05-2.5	GK	)	dominated	by	152	keV	resonance,	with	
contribu(ons	from	interference	between	higher-energy	states	

•  contribu(on	from	95	keV	resonance	ques(oned	(Fortune,	PRC	88	(2013)	015801)		
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Our	Measurements	at	LUNA	



M	AlioZa	 ScaZering	Chamber	for	the	17,18O(p,α)14,15N	reac(ons	at	LUNA	

Purpose-built	scaZering	chamber	to	host	array	of	8	silicon	detectors	

Bruno	et	al	EJPA	51	(2015)	94	

• 		protec(ve	aluminized	Mylar	foils	(2.4	µm)	before	each	detector	
• 		expected	alpha	par(cle	energy	E	~	200	keV	(from	70	keV	resonance	in	17O(p,α)14N)	



M.	AlioZa	 	Setup	Details	



M.	AlioZa	 	Isotopically	Enriched	Targets	

•  95%	enriched	in	17O	or	18O	

•  5-15	keV	thick	(Ep	=	200	keV)	

•  capable	to	sustain	up	to	20C	

(accumulated	charge)	



M	AlioZa	 ScaZering	Chamber	for	the	17,18O(p,α)14,15N	reac(ons	at	LUNA	



M.	AlioZa	 	Commissioning	Phase	

Edinburgh	

•  background	measurements	above-	and	under-ground;	with	and	without	lead	shield	

•  detector	calibra(on	with	concurrent	measurement	of	foils	thickness	

•  detec(on	efficiency	by	two	independent	simula(ons	of	experimental	setup	and	

comparison	with	measurements	

Gran	Sasso	



M	AlioZa	 Setup	Commissioning	and	Background	Comparison	
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M.	AlioZa	 	Background	Suppression	
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intrinsic	alpha-
par(cle	ac(vity	

factor	of	15	reduc(on		
in	background	
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Results	
	17O(p,α)14N	reac(on	



M	AlioZa	 17O(p,α)14N	Results	

use	stronger	193keV	resonance		
to	iden(fy	ROI	for	expected	
alpha	par(cles	from	70keV	state	

ωγ	=	10.0	±	1.4	(stat)	±	0.7	(sys)	neV	

most	accurate	result	to	date	
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M	AlioZa	 17O(p,α)14N	Results	

reac(on	rate	~	2-2.5x	higher	
than	previously	assumed	

15x	background		reduc(on	in	ROI	
+	improved	experimental	condi(ons	
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Astrophysical	Implica(ons	
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M.	AlioZa	 		

17O	yield	from	2-10	Msun	stars	is	15-40%	smaller	than	previously	thought	

Astrophysical	Implica(on	of	the	new	17O(p,α)14N	Reac(on	Rate	



M.	AlioZa	 		

17O/16O	composi(on	and	origin	of	pre-solar	grains	revisited	

Astrophysical	Implica(on	of	the	new	17O(p,α)14N	Reac(on	Rate	



M.	AlioZa	 	Pre-solar	grains	in	meteorites	

Rocks	from	Space:	the	Importance	of	Meteorites		

fragment	of	Allende	Meteorite	
(named	aoer	nearest	post	office)	

	8	February	1969	–	Mexico	

•  best	known	and	most	studied	
meteorite	in	history	

isotopic	anomalies	compared	to	solar	
abundances	provide	evidence	for	

processes	that	occurred	in	other	stars	
before	Solar	System	formed	

spheroidal	chondrules	

Carbon-Aluminum	inclusions	

hZp://www.marmet-meteorites.com/id46.html	23	



M.	AlioZa	 	Pre-solar	grains	in	meteorites	

Pre-solar	grains	in	meteorites	

•  Carbon-rich	(diamond,	graphite,	silicon	carbide)		

•  Oxygen-rich	(silicates,	Al-rich	oxides,	…)	

Group	I	(about	75%):	show	excess	in	17O	
compared	to	solar	values;		

origin	well-understood:	red	giants	(1-3	M¤)	

Group	II	(about	10%):	excess	in	17O,	but	
depleted	in	18O	(up	to	2	o.o.m.	less	than	in	

solar	system)	
origin	highly	debated!	
	



M.	AlioZa	 	Pre-solar	grains	in	meteorites	

BUT…	
	

previous	rates	of	17O(p,α)14N	reac(on	could	not	account	for	observed	abundances		

Massive	(4-8	M¤)	AGB	stars	expected	to	produce	large	amounts	of	dust	

through	stellar	winds…	



M.	AlioZa	 	On	the	origin	of	Group	II	grains	

M	Lugaro	et	al.,	Nature	Astronomy	1	(2017)	0027	

with	previous	17O(p,α)14N	reac(on	rate	
(Iliadis,	2010):	
•  massive	AGB	stars	excluded	as	possible	

sites	of	origin	
•  low-mass	AGB	stars	can	be	a	possible	

site,	but	extra	mixing	process	unclear	
	
	
with	new	reac(on	rate	(LUNA	,	2016):		
•  massive	AGB	stars	become	likely	site	of	

origin	(as	expected)	
•  no	need	to	invoke	“extra	mixing”	



M.	AlioZa	 	On	the	origin	of	Group	II	grains	

M	Lugaro	et	al.,	Nature	Astronomy	1	(2017)	0027	
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Results	
	18O(p,α)15N	reac(on	

slides	remove	because	results	not	published	yet	



Skype	mee(ng	|	17	July	2014	

Astrophysical	Implica(ons	

29	



M.	AlioZa	 	Reac(on	Rate	

• 	18O	is	destroyed	very	efficiently		

• 	Probably	less	cri(cal	than	for	17O(p,α)	

• 	May	s(ll	be	interes(ng	lower	mass	AGB	stars	

• 	Work	in	progress	…	



M.	AlioZa	 	Reac(on	Rate	

with	special	thanks	to		
Carlo	Bruno	(PhD)	


