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Credit:	NASA/CXC/M.Weiss	

Hydrogen	and	helium	(some	Li,	…)	from	the	Big-Bang,	everything	else	from	stellar	processes		
[Burbidge,	Burbidge,	Fowler	&	Hoyle,	Rev.	Mod.	Phys.	29,	547	(1957);	Cameron,	Pub.	Astron.	Soc.	Pac.	69,	201	(1957)]	
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Detec(on	of	a	neutron	star	collision	17	Aug	2017	
by	LIGO	&	Virgo	
	
Finally	one	confirmed	site	for	the	r-process!	
[B.P.	Abbom	et	al.,	Phys.	Rev.	Lem.	119,	161101	(2017)]	
[D.	Kasen	et	al.,	Nature	551,	80	(2017)]	+++	
	

For	“cold”	condi(ons	(<1	GK)	and	arer	freeze-out	
[no	(n,γ)-	(γ,n)	equilibrium]:	(n,γ)	rates	are	needed	
[e.g.	Mendoza-Temis	et	al.,	PRC	92,	055805	(2015);	
Eichler	et	al.,	Astrophys.	J.	808,	30	(2015)]	

Credit: Dana Berry, SkyWorks Digital, Inc

Credit: Dana Berry, SkyWorks Digital, Inc



Solid	line:	pure	Hauser-Feshbach;	dashed	line:	also	direct	capture	
[M.	Arnould,	S.	Goriely	and	K.	Takahashi,	Phys.	Rep.	450,	97	(2007)]	
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The	work	horse:	
Hauser-Feshbach	theory	
[W.	Hauser	and	H.	Feshbach,		
Phys.	Rev.	87,	366	(1952)]		
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New γ-ray detector system   
(30 LaBr3 3.5’’ x 8’’ crystals) 
[Funding from the Research Council of Norway] 
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New γ-ray detector system   
(30 LaBr3 3.5’’ x 8’’ crystals) 
[Funding from the Research Council of Norway] 
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0. Get a hold of an (Eγ,Ex) matrix (> 30-40 000 coincidences)
1. Correct for the NaI response [Guttormsen et al., NIM A 374, 371 (1996)]
2. Extract distribution of primary γs for each Ex [Guttormsen et al., NIM A 255, 518 (1987)]
3. Get level density and γ-strength from primary γ’s [Schiller et al., NIM A 447, 498 (2000)]
4. Normalize & evaluate systematic errors [Schiller et al., NIM A 447, 498 (2000), 
Larsen et al., PRC 83, 034315 (2011)]

44Sc data

Yrast line
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Data	and	references:	
ocl.uio.no/compilaQon/	
Analysis	codes	and	tools:	
github.com/oslocyclotronlab/oslo-method-soRware	
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Heaviest	case	so	far:	151,153Sm	[Simon	et	al.,	PRC	93,	034303	(2016)]	
Small	bias	towards	M1	[Jones	et	al.,	PRC	97,	024327	(2018)]		





NIC	XV,	Assergi,	Italy,	2018	 21	

100

101

102

30 40 50 60 70 80 90 100 110
< σ

v>
 (G

LO
-u

p2
)/<
σ

v>
 (G

LO
)

N

Fe
Mo

Cd

R
at

e 
(u

pb
en

d)
/R

at
e 

(n
o 

up
be

nd
)

Reac(on	rates	@T	=	1	GK	
TALYS:	Koning	et	al.,	hmp://www.talys.eu	

[A.C. Larsen and S. Goriely, Phys. Rev. C 82, 014318 (2010)]
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…	but	is	the	upbend	really	there	for	n-rich	nuclei?	
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Developed	@	NSCL/Michigan	State	University	summer	2014	
Advantage:	can	go	down	to	implanta(on	rate	of	≈1	pps 
1)	Implant	a	neutron-rich	nucleus	inside	a	segmented	total-absorp(on	
spectrometer	(preferably	with	Qβ	≈	Sn)		
2)	Measure	β-	in	coincidence	with	all	γ	rays	from	the	daughter	nucleus	

Segmented,	total	absorp(on	spectrometer	SuN		
[A.	Simon,	S.J.	Quinn,	A.	Spyrou	et	al,	NIM	A	703,	16	(2013)]	

Special	thanks	to		
Artemis	Spyrou,		
Sean	Liddick,	
Magne	Gu&ormsen	

76Ga->76Ge,	raw	
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Discretionary beam time @ NSCL/MSU, February 2015; 
70Co beta-decaying into 70Ni
(Spokespersons: Sean Liddick, Artemis Spyrou, ACL &
Magne Guttormsen)

86Kr primary beam, 140 MeV/nucleon on thick Be target
 70Co implanted on DSSD detector in SuN

[S.N. Liddick A. Spyrou, B.P. Crider, F. Naqvi, A.C. Larsen, M. Guttormsen 
et al., Phys. Rev. Lett. 116, 242502 (2016)]

70Co T1/2: 105 ms, Iπ = 6-, Qβ = 12.3 MeV 
Sn of 70Ni:  7.3 MeV
Initial spins, 70Ni (Gamow-Teller): 5-,6-,7-
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Improved	data	analysis:	deconvolu(on	of	the	Ex	axis	as	well	[M.	Gumormsen	et	al.,	in	prepara(on]	
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The	beta-Oslo	method	provides		
level	densi(es	and	γ-decay	strengths		
of	n-rich	nuclei	->		
experimental	constraint	on	(n,γ)	
rates	
	
(i)  Extend	beta-Oslo	to	more	neutron-rich	nuclei		
(ii)  Work	on	new	methods	for	normaliza(on	
(iii)  Thorough	inves(ga(on	of	systema(c	errors	
…	
What	about	the	neutron	OMP?	Direct	capture?		
Neutron	resonances?	+++		

From plusquotes.com
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Recent	theore(cal	predic(ons	seem	to	disagree…		

E1?	[E.	Litvinova	and	N.	Belov,	PRC	
88,	031302(R)	(2013)]	

M1?	[R.	Schwengner,	S.	
Frauendorf,	and	A.	C.	Larsen,	PRL	
111,	232504	(2013);		
B.	Alex	Brown	and	A.C.	Larsen,	PRL	
113,	252502	(2014);			
R.	Schwengner,	S.	Frauendorf,	B.	
Alex	Brown,	PRL	118,		092502	
(2017);		
K.	Sieja,	PRL	119,	052502	(2017);	
A.C.	Larsen,	J.E.	Midtbø	et	al.,	PRC	
97,	054329	(2018)	]	
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Sum	of	all	segments,	60Co	source		
(1173keV+1332keV)	

[A.	Simon,	S.J.	Quinn,	A.	Spyrou	et	al,	NIM	A	703,	16	(2013)]	[From	Table	of	isotopes,	R.B.	Firestone]	

Note	the	“tail”	towards	low	Ex!	
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Old,	70Ni:	



New,	70Ni:	

[M.	Gumormsen	et	al.,	in	prepara(on]	
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Beta	decay	(g.s.	51Sc:	7/2-):	ini(al	5/2-,	7/2-,	9/2-	(arer	dipole:	3/2,	5/2,	7/2,	9/2,	11/2)	
(d,p):	1/2,	3/2,	5/2,	7/2,	9/2	(arer	dipole:	1/2,	3/2,	5/2,	7/2,	9/2,	11/2)	
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[S.N. Liddick, A.C. Larsen, M. Guttormsen et al., in preparation]
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[A. Spyrou, S.N. Liddick, A.C. Larsen, M. Guttormsen et al., PRL 113, 232502 (2014)]

75Ge(n,γ)76Geγ-strength

TALYS: 
Koning et al., http://www.talys.eu
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[A. Spyrou, S.N. Liddick, A.C. Larsen, M. Guttormsen et al., PRL 113, 232502 (2014)]
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P(Ei,Eγ )∝ρ(Ei −Eγ )τ (Eγ )

f (Eγ ) = τ (Eγ ) / 2πEγ
3

Ansatz: primary γ matrix 
can be factorized into 
two independent 
functions (vectors)  
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[M.	Gumormsen	et	al.,	NIM	A	255,	518	(1987);	
A.C.	Larsen	et	al.,	PRC	83,	034315	(2011)]	


