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•  Motivations  
•  Measurements: 

– 25Mg(n,γ) @ n_TOF (CERN, Switzerland) 

– 25Mg(n,tot) @ GELINA (EC-JRC, Belgium) 
•  Results and impact on the neutron source 

reaction 22Ne(α,n) 
– Spin and parity determination 
–  Improved parameterization of 25Mg(n,γ) 



Motivations 

E. M. Burbidge, G.R. Burbidge, 
W.A. Fowler, F. Hoyle 
Rev. Mod. Phys. 29 (1957) 547 



Motivations  

 
 

1.  Main component  
 à AGB stars  

 22Ne(α,n)25Mg partially activated 
 
2.  Weak component  

 à Massive stars 
22Ne(α,n)25Mg main source 

  
 
F. Käppeler, R. Gallino, S. Bisterzo, and Wako Aoki, Rev. Mod. 
Phys. 83 (2011) 157  
M. Pignatari, R. Gallino, M. Heil, M. Wiescher, F. Käppeler, F. 
Herwig, S. Bisterzo,  ApJ.  710 (2010) 155 

weak main 



Motivations 
1.  NEUTRON POISON: 

neutron capture on Mg stable isotopes in competition with neutron 
capture on 56Fe (the s-process seed for the production of heavy 
isotopes). 

2.  NEUTRON BUDGET: 

ü   22Ne(α,n)25Mg is one of the most important neutron 
source reaction in Red Giant stars. Its reaction rate is very 
uncertain because of the poorly known property of the 
states in 26Mg.  

ü   22Ne(α,γ)26Mg reaction contributes to the destruction of 
22Ne during the entire helium burning phase because of its 
positive Q-value  



Motivation: Jπ
 
Direct measurement 22Ne(α,n)25Mg 
exceedingly difficult in the energy 
region of interest 
 

M. Jaeger, et al., Phys Rev. Lett. 87 (2001) 20 
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Below Eα = 800 keV 
experimental sensitivity: 

σ ~ 10-11 b 
 
Need for indirect approaches:  
•  α-transfer reaction 22Ne(6Li,d)26Mg 

and α-scattering 26Mg(α, α’)  
•  photon reaction 26Mg(γ, γ’) 
•  neutron spectroscopy n+25Mg 



Motivation: Jπ
 
Direct measurement 22Ne(α,n)25Mg 
exceedingly difficult in the energy 
region of interest 
 

M. Jaeger, et al., Phys Rev. Lett. 87 (2001) 20 

No data on 22Ne(α,γ)25Mg 
below Eα = 1 MeV. The 
reaction rates are based on 
indirect measurements  

Below Eα = 800 keV 
experimental sensitivity: 

σ ~ 10-11 b 
 
Need for indirect approaches:  
•  α-transfer reaction 22Ne(6Li,d)26Mg 

and α-scattering 26Mg(α, α’)  
•  photon reaction 26Mg(γ, γ’) 
•  neutron spectroscopy n+25Mg 



Motivation: Jπ
Constraints for the 22Ne(α,n)25Mg and the 

22Ne(α,γ)26Mg  reaction 
from neutron spectroscopy 

Element Spin/
parity

22Ne 0+  
4He 0+ 

Only natural-parity states in 26Mg can 
participate in the 22Ne(α ,n)25Mg reaction 

MeV 
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Only natural-parity states in 26Mg can 
participate in the 22Ne(α ,n)25Mg reaction 

MeV  π = (−1)

Jπ = 0+, 1-, 2+, 3-, 4+ … 

Motivation: Jπ
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22Ne(α,γ)26Mg  reaction 
from neutron spectroscopy 
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s-wave àJπ= 2+, 3+ 

p-wave àJπ= 1-, 2-, 3-, 4- 
d-wave àJπ = 0+, 1+, 2+, 3+, 4+, 5+ 
States in 26Mg populated by 25Mg+n reaction 

Motivation: Jπ
Constraints for the 22Ne(α,n)25Mg and the 

22Ne(α,γ)26Mg  reaction 
from neutron spectroscopy 



Motivation: Jπ
Study of 22Ne(α,n)25Mg 
and 22Ne(α,γ)26Mg by 

 n+25Mg 

Neutron spectroscopy 
 
Advantages: 
ü  Access to low-energy states 

(energy region of interest 
En<300 keV) 

ü  Good energy resolution (<< 0.1 
keV) à Doublets observed 

 
Drawbacks: 
x  No information about Γα
x  Sensitivity Γν~ 0.5 eV (capture) 



Motivation: Jπ

25Mg(n, γ)26Mg resonances 



Motivation: Jπ

25Mg(n, γ)26Mg resonances 

22Ne(α,n) Reaction rate estimation 

C. Ugalde, et al., 
LUNA workshop 2011 

M. Wiescher, et al., 
SPES workshop 2015 

Monte Carlo methods: Longland, et al., Phys. Rev. C 85 (2012) 



Measurement  
25Mg(n, tot) 
@ GELINA 

FLIGHT PATHS 
SOUTH 

FLIGHT PATHS 
NORTH 

ELECTRON LINAC 

TARGET HALL 

GELINA is a photonuclear neutron source 
based on 140 MeV e- impinging on a U 
target. 10 Experimental areas at different 
flight paths (10 m - 400 m). 
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Measurement  
25Mg(n, tot) 
@ GELINA 

 
T =

Cin

Cout

∝ e−n σtot

Background determined by black 
resonance technique: 

 
 

à fixed background filters 

B(t) = b0 + b1e
−λ1t + b2e

−λ2t + b3e
−λ3 (t+t0 )

Na filter 
2.8 keV 
 Co filter 

132 eV 
 

P. Schillebeeckx, et al., Nucl. Data Sheets 113 (2012) 3054 



Measurement  
25Mg(n, tot) 
@ GELINA 
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Measurement  
25Mg(n, tot) 
@ GELINA 

Isotope  ORELA GELINA 
25Mg 10.13 % 97.86 % 
24Mg 78.80 % 1.83 % 
26Mg 11.17 % 0.31 % 



Measurement  
25Mg(n, tot) 
@ GELINA 

Analysis of Transmission data à σtot = σγ + σel 

SLBW ( )
( ) 22

on

n
2
n

nn )2(EEk
gE

Γ+−

ΓΓπ
=σ γ

γ

s-wave neutron 
resonance 

symmetric shape 

σel >> σγ 



Measurement  
25Mg(n, tot) 
@ GELINA 

Analysis of Transmission data à σtot = σγ + σel 

SLBW 

s-wave neutron 
resonance 

asymmetric shape 

( )
( ) ( )

2
n22

on

on

n
n22

on

nn
2
n

nnn a4g
)2(EE

a)EE(
k
4g

)2(EEk
gE π+

Γ+−

−Γπ
+

Γ+−

ΓΓπ
=σ

σel >> σγ 



Measurement  
25Mg(n, tot) 
@ GELINA 

Analysis of Transmission data à σtot = σγ + σel 

SLBW 

s-wave neutron 
resonance 

( )
( ) ( )

2
n22

on

on

n
n22

on

n
2
n

nntot a4g
)2(EE

a)EE(
k
4g

)2(EEk
gE π+

Γ+−

−Γπ
+

Γ+−

ΓΓπ
=σ

asymmetric shape 

σel >> σγ 



Measurement  
25Mg(n, tot) 
@ GELINA 

Analysis of Transmission data à σtot = σγ + σel 

SLBW ( )
( ) 22

on

n
2
n

nn )2(EEk
gE

Γ+−

ΓΓπ
=σ γ

γ

p-wave neutron 
resonance 

symmetric shape 

σel >> σγ 



Measurement  
25Mg(n, tot) 
@ GELINA 

Analysis of Transmission data à σtot = σγ + σel 
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Measurement  
25Mg(n, tot) 
@ GELINA 

Analysis of Transmission data à σtot = σγ + σel 
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Resonance shape analysis 
of transmission data: 

 
ü  Resonance energy 
ü  Parity 
ü  g = (2J+1)/[(2I+1)(2i+1)] 
ü  Γn 
 

ER,  Γn, Jπ 
ER 



Measurement  
25Mg(n, tot) 
@ GELINA 

Example of sensitivity to Jπ
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Measurement  
25Mg(n, tot) 
@ GELINA 

Isotope  ORELA GELINA 
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Measurement  
25Mg(n, tot) 
@ GELINA 

Previous evaluation 
ER=72 keV, Jπ=2+ 

ER=79 keV, Jπ=3+ 
 χ2=1.85 



Measurement  
25Mg(n, tot) 
@ GELINA 

This work 
ER=72 keV, Jπ=2+ 

ER=79 keV, Jπ=3-  
 χ2=1.18 



Measurement  
25Mg(n, tot) 
@ GELINA 
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Measurement  
25Mg(n, tot) 
@ GELINA 



Results  
25Mg(n, tot) 
@ GELINA 

25Mg(n,γ) 
improved parameterization 

 

REFIT and SAMMY 



Results  
25Mg(n, tot) 
@ GELINA 

25Mg(n,γ) 
improved parameterization 

 

22Ne(α,n)25Mg reaction cross section(s) 

5 resonances with natural Jπ 
below Eα = 800 keV 



Results  
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Results  
25Mg(n, tot) 
@ GELINA 

25Mg(n,γ) 
improved parameterization 

à Γn, Γγ
Resonance strength 22Ne(α,n)25Mg: 

ωn = gΓαΓn/(Γα+Γγ+Γn) 

Resonance strength 22Ne(α,γ)25Mg: 
ωγ = gΓαΓγ/(Γα+Γγ+Γn) 

ω n

ωγ

= Γn

Γγ



Results  
25Mg(n, tot) 
@ GELINA 

25Mg(n,γ) 
improved parameterization 

à Γn, Γγ

22Ne(α,n)25Mg /  22Ne(α, γ)25Mg 

Resonance strength 22Ne(α,n)25Mg: 
ωn = gΓαΓn/(Γα+Γγ+Γn) 

Resonance strength 22Ne(α,γ)25Mg: 
ωγ = gΓαΓγ/(Γα+Γγ+Γn) 

ω n

ωγ

= Γn

Γγ

Reaction rate 
RATIO 

independent 
of Γα



Conclusions 
•  22Ne(α,n) and (α,γ) represent a long-standing problem in nuclear 

astrophysics 

•  The 25Mg(n, tot) measurement was performed at the GELINA facility in 
2013 for the study of excited states in 26Mg  

•  Final analysis - simultaneous resonance shape analysis of capture and 
transmission:  
–  accurate 25Mg(n,γ) cross section ≈ confirms previous n_TOF data; 
–  Jπ information on 26Mg levels à evidence for more natural states 

than previously thought àHIGHER 22Ne(α, n) reaction rate; 
–  Study of the competing 22Ne(α, γ) reaction à Lower reaction 

rate  
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