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Outline

ØMotivations

ØTOF measurements
o 25Mg(n,g) @ n_TOF
o 25Mg(n,tot) @ GELINA 

ØResults

ØOutlook
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Motivations
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Motivations
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Motivations

ØNEUTRON POISON:
o 25,26Mg are the most important neutron poisons due to neutron 

capture on Mg stable isotopes, i.e. 25,26Mg(n,g), in competition with 
neutron capture on 56Fe (the basic s-process seed for the 
production of heavier isotopes).

ØCONSTRAINTS for 22Ne(a,n)25Mg and 22Ne(a,g)26Mg: 
o 22Ne(a,n)25Mg is one of the most important neutron source in Red 

Giant stars. Its reaction rate is very uncertain because of the poorly 
known property of the states in 26Mg. From neutron measurements 
the energy, Jp and energy of 26Mg states can be deduced, in addition 
to  Gg and Gn.
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Measurement of 25Mg(n,g) @ n_TOF - CERN
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Measurement of 25Mg(n,g) @ n_TOF - CERN

C. Rubbia et al., A high 
resolution spallation driven 
facility at the CERN-PS to 
measure neutron cross 
sections in the interval 
from 1 eV to 250 MeV 
CERN/LHC/98 02(EET) 1998
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Measurement of 25Mg(n,g) @ n_TOF - CERN
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Measurement of 25Mg(n,g) @ n_TOF - CERN

γ =
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=
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En = mc2(� � 1)

C. Massimi - Nuclear reaction rates for the s-process - 22.2.24 



11

Measurement of 25Mg(n,g) @ n_TOF - CERN
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DEn = 0.5 eV @ En = 1 keV
DEn = 900 eV @ En = 300 keV
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Measurement of 25Mg(n,g) @ n_TOF - CERN

C6D6
C6D6

Neutron beam
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Measurement of 25Mg(n,g) @ n_TOF - CERN

C6D6
C6D6

Neutron beam

Capture setup:

Ø 2 C6D6 liquid scintillators
Ø Total Energy Detection 

System based on PHWT

Mg sample:

Ø 3.94 g, 2 cm diameter
Ø Enrichment 97.86 %
Ø 3.00x10-2 at/b
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Measurement of 25Mg(n,g) @ n_TOF - CERN

Experimental capture yield
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Measurement of 25Mg(n,g) @ n_TOF - CERN

Reaction rate (cm-3s-1):
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Measurement of 25Mg(n,g) @ n_TOF - CERN

Reaction rate (cm-3s-1):

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)
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Measurement of 25Mg(n,g) @ n_TOF - CERN

Reaction rate (cm-3s-1):

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)
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Measurement of 25Mg(n,g) @ n_TOF - CERN

Reaction rate (cm-3s-1):

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Poisoning effect 
in Massive Stars 
(by M. Pignatari)

C. Massimi - Nuclear reaction rates for the s-process - 22.2.24 

https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810


19

Measurement of 25Mg(n,g) ßà 22Ne(a,n)25Mg

22Ne(a,n)25Mg
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Measurement of 25Mg(n,g) ßà 22Ne(a,n)25Mg

22Ne(a,n)25Mg

26Mg levels via n + 25Mg:
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Measurement of 25Mg(n,g) ßà 22Ne(a,n)25Mg

22Ne(a,n)25Mg

26Mg levels via n + 25Mg:
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25Mg(n,g) is not conclusive 
enough, need for other 

reaction channels
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Measurement of 25Mg(n,g) ßà 22Ne(a,n)25Mg
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Only natural-parity 
states in 26Mg can 
participate in the 
22Ne(α,n)25Mg 
reaction:

Jπ = 0+, 1-, 2+, 3-, 4+ …

a + 22Ne

a Jp = 0+

22Ne Jp = 0+
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Measurement of 25Mg(n,g) ßà 22Ne(a,n)25Mg
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a + 22Ne n + 25Mg

a Jp = 0+

22Ne Jp = 0+

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

n Jp = 1/2+

25Mg Jp = 5/2+

All states in 26Mg
can participate in 
the 25Mg(n,g)26Mg 
reaction:

Jπ = 0+, 0-, 1+, 1-, 2+, 2-, …Jπ = 0+, 1-, 2+, 3-, 4+ …

25Mg(n,g) is not conclusive 
enough, need for other 

reaction channels
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Measurement of 25Mg(n,tot) @ GELINA
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Measurement of 25Mg(n,tot) @ GELINA
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Measurement of 25Mg(n,tot) @ GELINA
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Target
e-

PMT

6Li
Target

e-

PMT

6Li

collimators

natU

25Mg

50 meters

Na and Co 
fixed bkg 
filters

Transmission
setup:
Ø 2 6Li-glass

scintillators

Time of flight

Amplitude

6Li+nàα+t
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Measurement of 25Mg(n,tot) @ GELINA
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T =

Cin

Cout

∝ e−n σtot

Background determined by black resonance
technique:

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

B(t) = b0 + b1e
−λ1t + b2e

−λ2t + b3e
−λ3 (t+t0 )
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R-Matrix
analysis

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Energy, Jp, Gg, Gn

25Mg(n,tot) and 25Mg(n,g) R-Matrix analysis

https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810
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R-Matrix
analysis

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Energy, Jp, Gg, Gn

25Mg(n,tot) and 25Mg(n,g) R-Matrix analysis

https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810


30 C. Massimi - Nuclear reaction rates for the s-process - 22.2.24 

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

25Mg(n,tot) and 25Mg(n,g) R-Matrix analysis

Ea = 589 keV

Ea = 656 keV
Ea = 649 keV

Ea = 779 keV

Ea = 649 keV

Ea = 843 keV
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C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)
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C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

50 100 150 200 250

C
ap

tu
re

 y
ie

ld

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

)γMg(n, 25

R-Matrix

Neutron energy (keV)
50 100 150 200 250

Tr
an

sm
is

si
on

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Mg(n, tot)25

R-Matrix

25Mg(n,tot) and 25Mg(n,g) R-Matrix analysis

Ea = 589 keV

Ea = 656 keV
Ea = 649 keV

Ea = 779 keV

Ea = 649 keV

Ea = 843 keV
G = 170 eV

Ea = 830±2 keV ???
G = 250±170 eV
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https://dx.doi.org/10.1103/PhysRevC.89.025810
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C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

22Ne(a,n) / 22Ne(a,g)
Resonance strength 22Ne(α,n)25Mg:

ωa= g GaGn / (Γα+ Γg+ Γn)

Resonance strength 22Ne(a,g)25Mg:

ωg= g GaGg / (Γα+ Γg+ Γn)

ω n

ωγ

= Γn

Γγ

Resonance strength ratio à Reaction 
rate ratio independent of Ga

25Mg(n,tot) and 25Mg(n,g) R-Matrix analysis

a

https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810
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Conclusions
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Ø 22Ne(a,n) and (a,g) represent a long-standing “problem” in nuclear 
astrophysics

Ø Measurements of 25Mg(n,tot) and 25Mg(n,g) were performed at the 
GELINA facility and the n_TOF facility, respectively, to study excited 
states in 26Mg 

Ø Simultaneous resonance shape (R-Matrix) analysis of capture and 
transmission resulted in: 
o accurate 25Mg(n,g) cross section;
o energy and Jp determination of 26Mg levels: evidence for natural 

states;
o constraints for the competing 22Ne(α,g) reaction;
o doubts on the Ea = 830 keV resonance.  
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Extra slides
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Extra slides
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M. Jaeger, et al., Phys Rev. Lett. 87 (2001) 20



38

Extra slides

C. Massimi - Nuclear reaction rates for the s-process - 22.2.24 



39

Measurement of 25Mg(n,tot) @ GELINA
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C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Example of the sensitivity to Spin and Parity Jp

https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810
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Extra slides
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Extra slides
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Previous evaluation
ER=72 keV, Jπ=2+

ER=79 keV, Jπ=3+

χ2=1.85
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Extra slides: total cross section
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Extra slides: total cross section
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Extra slides: total cross section
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Extra slides: total cross section
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Extra slides: total cross section

( )
( ) ( )

2
22

Rn

Rnn

n22
Rn

n
2
n

ntot 'R4
)2(EE
'R)EE(

k
4g

)2(EEk
gE p+

G+-

-Gp
+

G+-

GGp
=s

64000 66000 68000

0

10

20

30

40

 Neutron Energy / eV

s to
t  /

  b
ar

n

ER  =  65954 eV
Gn   =  93.0 eV
G
g
    =   1.3 eV

s-wave

 

 

3350 3355 3360 3365
0

500

1000

 Neutron Energy / eV

p-wave
ER  =  3357.1 eV
Gn   =  0.240 eV
G
g
   =   0.087 eV

s to
t  /

  b
ar

n

 

 

C. Massimi - Nuclear reaction rates for the s-process - 22.2.24 



48

Extra slides: experimental complication in TOF measurements
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