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The	
  rapid	
  n-­‐capture	
  process	
  (r-­‐process)	
  is	
  today	
  understood	
  to	
  be	
  responsible	
  for	
  the	
  synthesis	
  of	
  about	
  half	
  of	
  
all	
  the	
  nuclei	
  abundances	
  	
  present	
  in	
  Solar	
  System	
  matter	
  in	
  the	
  mass	
  region	
  from	
  approximately	
  Zinc	
  through	
  
the	
  Actinides	
  (e.g.,	
  Thorium,	
  Uranium,	
  and	
  Plutonium),	
  as	
  well	
  as	
  the	
  bulk	
  of	
  the	
  heavy	
  elements	
  in	
  the	
  mass	
  
region	
  A	
  ≥	
  60	
  in	
  our	
  Galactic	
  and	
  Cosmos	
  matter.	
  	
  

R-­‐process	
  still	
  remains	
  one	
  of	
  the	
  most	
  challenging	
  open	
  questions	
  in	
  modern	
  nuclear	
  
astrophysics,	
  since	
  both	
  the	
  astrophysical	
  scenarios	
  where	
  this	
  process	
  occurs	
  and	
  the	
  

needed	
  nuclear	
  physics	
  input	
  have	
  not	
  yet	
  been	
  unambiguously	
  identified.	
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chart	
  of	
  nuclides	
  

n-­‐	
  captures	
  must	
  occur	
  much	
  faster	
  than	
  β−-­‐decays	
  far	
  from	
  stability	
  
	
  the	
  r-­‐process	
  “runs	
  up”	
  along	
  the	
  neutron	
  drip	
  line.	
  

?	
  



N=50	
  

N=82	
  
N=126	
  

The	
  solar	
  elemental	
  abundance	
  distribution	
  beyond	
  Fe,	
  shows	
  peaks	
  near	
  A	
  =	
  80,	
  130,	
  and	
  195,	
  
corresponding	
  to	
  progenitors	
  with	
  closed	
  neutron	
  shells	
  N	
  =	
  50,	
  82,	
  and	
  126.	
  



	
  R-­‐process	
  is	
  unique	
  in	
  nature!	
  

The	
  r-­‐process	
  operating	
  over	
  the	
  history	
  of	
  the	
  Galaxy	
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  the	
  “main”	
  r-­‐process	
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T1/2	
  of	
  very	
  neutron-­‐rich	
  nuclei	
  

Pn	
  ⇒	
  smoothing	
  Nr,prog	
  	
  Nr,final	
  (Nr,)	
  





Today,	
  altogether	
  
60	
  r-­‐process	
  nuclei	
  
are	
  only	
  known!	
  

	
  	
  	
  	
  	
  	
  	
  	
  Heaviest	
  isotopes	
  
with	
  measured	
  T1/2	
  

	
  	
  	
  	
  	
  	
  	
  new	
  (MSU,	
  2009)	
  

“Waiting	
  point”	
  
isotopes	
  	
  at:	
  

	
  	
  	
  	
  	
  	
  	
  	
  nn	
  =	
  1020	
  

　　　　nn	
  =	
  1023	
  

　　 nn	
  =	
  1026	
  

freeze-­‐out	
  networks.	
  

The	
  r-­‐process	
  should	
  be	
  a	
  dynamical	
  process	
  with	
  continuously	
  altered	
  conditions	
  and	
  paths.	
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data-­‐driven,	
  stand-­‐along	
  statistical	
  approaches	
  





	
  	
  comparison	
  

target	
  
(Log10Tβ,exp)	
  

Output	
  
(Log10Tβ,calc)	
  

input	
  
[Z,N,δ]	
  

Neural	
  Network	
  
with	
  C	
  weights	
  

weights	
  adjustment	
  

Back-­‐propagation	
  



Z [0, 230]  
Log10T1/2 

(ms) 
[0.18 - 8.98] 300 epochs N [0, 230] 

Parity [-1, 1] 

Batch Bayesian Regularization Nguyen-Widrow  

Feed-forward       
Fully-connected 

3-5-5-5-5-1 tanh-tanh-tanh-
tanh-satlins 116 



NuBase2003 * 
0.15 χ 10-2 s  35Na  
2.43 χ 1023 s  113Cd 

100%  β- 106 s 

*	
  A.H.	
  Wapstra,	
  G.	
  Audi	
  et	
  al.,	
  Nucl	
  Phys.	
  A729	
  (2003)	
  337	
  	
  

843 503 167 168 
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Learning Set
Validation Set
Test Set
Stable Nuclei
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Learning Set Validation Set Test Set

NuSet A
NuSet B



Learning 0.53 
Validation 0.60 

Test 0.65 

Overall 0.57 

90.5 2.46 1.72 76.7 3.00 - 

96.5 2.21 1.52 87.2 2.81 - 

97.6 2.10 1.39 95.7 2.64 - 

53.5 1.41 0.27 33.8 1.43 - 

60.6 1.41 0.27 42.0 1.41 - 

61.9 1.41 0.26 50.7 1.43 - 
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A	
  =	
  70	
  −	
  80	
  mass	
  region	
  



A	
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  130	
  mass	
  region	
  





A	
  =	
  195	
  −	
  205	
  mass	
  region	
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URL:	
  http://www.pythaim.phys.uoa.gr	
   E-­‐mail:	
  pythaim@phys.uoa.gr	
  

*T
o	
  
be

	
  s
ub

m
it
te
d	
  
to

	
  P
hy

s.
	
  R
ev

.	
  C
	
  





p
ro

to
n

s 

neutrons 

82!

50!

28!

28!

50!

82!

20!
8!2!

2!
8!

20!
stable nuclei 

known nuclei 

126!

superheavy!
nuclei!

terra incognita 



neutrons 

pr
ot

on
s 





Sn	
  







NuBase03	
  



175 180 185 190 195 200 205 210
10 1

100

101

102

103

104

105

106

107

108

T
 (m

s)

MASS NUMBER

N=126

 

 
Exp. Data
ANN
ANN pred.
pnQRPA+ffGT
GT*

70 75 80 85
10 5

100

105

1010

1015

T
 (m

s)

MASS NUMBER

N=50

 

 
Exp. Data
ANN
ANN pred.
pnQRPA+ffGT
GT*

115 120 125 130 135

100

105

1010

T
 (m

s)

MASS NUMBER

N=82

 

 
Exp. Data
ANN
ANN pred.
pnQRPA+ffGT
GT*





0 20 40 60 80 1000
2

0 20 40 60 80 1000
2

0 20 40 60 80 1000
2

0 20 40 60 80 1000
2

ATOMIC NUMBER

Learning Set

Overall Set

Test Set

Validation Set

RMSE	
  



90.5 2.46 1.72 90.5 2.69 1.85 76.7 3.00 - 

96.5 2.21 1.52 96.1 2.48 1.64 87.2 2.81 - 

97.6 2.10 1.39 98 2.24 1.30 95.7 2.64 - 

82.8 1.99 0.95 79.2 2.10 0.97 - - - 

90.2 1.88 0.84 87.3 2.05 0.91 - - - 

93.7 1.88 0.8 94 2.04 0.89 - - - 

53.5 1.41 0.27 49.4 1.48 0.28 33.8 1.43 - 

60.6 1.41 0.27 53.9 1.48 0.27 42.0 1.41 - 

61.9 1.41 0.26 60 1.50 0.27 50.7 1.43 - 
must	
  tends	
  towards	
  1	
  while	
   must	
  tends	
  towards	
  0.	
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