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Masses are important input for a variety of nuclear 
physics calculations, the experimental reach is limited

J. Erler, et al., Nature 486, 509 (2012)

Atomic Mass 
Evaluation 2012

Q = (mA +mB)� (mc +mD)
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BE = Zmp +Nmn � �M � (Z +N)u
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M. Shelley and A. Pastore,
Universe 7, 131 (2021)

L. Neufcourt, et al., PRC 98, 034318 (2018)

B. Dellen, et al., arXiv:2305.04675 
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Numerous groups have used machine learning to 
predict nuclear masses
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Brief overview of the Mixture Density Network (MDN)

f(x) = ↵1N (µ1,�1) + ↵2N (µ2,�2) + ...+ ↵nN (µn,�n)
<latexit sha1_base64="nqLazVsRfky91MC/zHO8LEmdZ6M="></latexit><latexit sha1_base64="nqLazVsRfky91MC/zHO8LEmdZ6M="></latexit><latexit sha1_base64="nqLazVsRfky91MC/zHO8LEmdZ6M="></latexit><latexit sha1_base64="nqLazVsRfky91MC/zHO8LEmdZ6M="></latexit>

y = f(x)
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Input à output

Standard neural 
network

Figure: https://hackernoon.com/artificial-
neural-network-a843ff870338

C.M. Bishop, Neural 
Computing Research 
Group Report 
NCRG/94/004 (1994) 

Neural network learns the Gaussian variables instead of 
the mapping between x and y directly

Gaussian mixtures allow 
uncertainties to be taken 
into account and included 
in the predictions.  The 
shape of the posterior is 
not assumed.

https://hackernoon.com/artificial-neural-network-a843ff870338
https://hackernoon.com/artificial-neural-network-a843ff870338
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Propagating uncertainties from training to predictions 
with the MDN, interpolation and extrapolation

�Y (A) =
1

NA

X

A

��Y MDN (A)� Y Exact(A)
��

<latexit sha1_base64="xFOk6jlHJXxsPDayIjKWHStcDGg="></latexit><latexit sha1_base64="xFOk6jlHJXxsPDayIjKWHStcDGg="></latexit><latexit sha1_base64="xFOk6jlHJXxsPDayIjKWHStcDGg="></latexit><latexit sha1_base64="xFOk6jlHJXxsPDayIjKWHStcDGg="></latexit>

" =
1

N

NX

i=1

�(Ai)

Y (Ai)
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A.E. Lovell, A.T. Mohan, and P. Talou, J. Phys. G 47, 114001 (2020)



65/24/23

The MDN provides a potentially complicated predicted 
posterior distribution

A.E. Lovell, A.T. Mohan, and P. Talou, 
J. Phys. G 47, 114001 (2020)
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Some numerical details

{x} ! {�M,Sn}
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1 layer with 6 nodes

1 Gaussian mixture per output 
dimension 

25 training points per input vector 
(takes the uncertainties into account)

Z<20 removed from the training set 

What is x?

{N,Z,A,NSM , ZSM , A2/3, Z(Z � 1)/A1/3, (N � Z)2/A,Nshell, Zshell, NEO, ZEO}
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Some numerical details

{x} ! {�M,Sn}
<latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit>

1 layer with 6 nodes

1 Gaussian mixture per output 
dimension 

25 training points per input vector 
(takes the uncertainties into account)

Z<20 removed from the training set 

What is x?

{N,Z,A,NSM , ZSM , A2/3, Z(Z � 1)/A1/3, (N � Z)2/A,Nshell, Zshell, NEO, ZEO}
<latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit>

Take some inspiration from the Liquid Drop 
model for the binding energies

EB = aV A� aSA
2/3 � aC

Z(Z � 1)

A1/3
� aA

(N � Z)2

A
± �(A,Z)

<latexit sha1_base64="EOnI2l+zg91XGTdCQsRXaiYMEGw="></latexit><latexit sha1_base64="EOnI2l+zg91XGTdCQsRXaiYMEGw="></latexit><latexit sha1_base64="EOnI2l+zg91XGTdCQsRXaiYMEGw="></latexit><latexit sha1_base64="EOnI2l+zg91XGTdCQsRXaiYMEGw="></latexit>
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Some numerical details

{x} ! {�M,Sn}
<latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit>

1 layer with 6 nodes

1 Gaussian mixture per output 
dimension 

25 training points per input vector 
(takes the uncertainties into account)

Z<20 removed from the training set 

What is x?

{N,Z,A,NSM , ZSM , A2/3, Z(Z � 1)/A1/3, (N � Z)2/A,Nshell, Zshell, NEO, ZEO}
<latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit>

Also include information about 
odd-even effects
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Some numerical details

{x} ! {�M,Sn}
<latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit>

1 layer with 6 nodes

1 Gaussian mixture per output 
dimension 

25 training points per input vector 
(takes the uncertainties into account)

Z<20 removed from the training set 

What is x?

{N,Z,A,NSM , ZSM , A2/3, Z(Z � 1)/A1/3, (N � Z)2/A,Nshell, Zshell, NEO, ZEO}
<latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit>

Include information 
about the magic numbers 
(shell closures)
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Some numerical details

{x} ! {�M,Sn}
<latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit><latexit sha1_base64="IinNkuGjaYpiK+WK8CRvfbLIk1k=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJoGXQxkaIaGIgF8LeZi5Z3Ns7duc04bg/YeNfsbFQxFaw89+4iSnU+GDg8d4MM/OCRAqDrvvpzMzOzS8sFpaKyyura+uljc2GiVPNoc5jGetmwAxIoaCOAiU0Ew0sCiRcBzenI//6FrQRsbrCYQLtiPWUCAVnaKVOad/PfIQBBmE2yP2c+lr0+si0ju+otbogkdHzfXrZUX7eKZXdijsGnSbehJTJBLVO6cPvxjyNQCGXzJiW5ybYzphGwSXkRT81kDB+w3rQslSxCEw7G3+V012rdGkYa1sK6Vj9OZGxyJhhFNjOiGHf/PVG4n9eK8XwuJ0JlaQIin8vClNJMaajiGhXaOAoh5YwroW9lfI+04yjDbJoQ/D+vjxNGgcVz614F4fl6skkjgLZJjtkj3jkiFTJGamROuHknjySZ/LiPDhPzqvz9t0640xmtsgvOO9f8emfQA==</latexit>

1 layer with 6 nodes

1 Gaussian mixture per output 
dimension 

25 training points per input vector 
(takes the uncertainties into account)

Z<20 removed from the training set 

What is x?

{N,Z,A,NSM , ZSM , A2/3, Z(Z � 1)/A1/3, (N � Z)2/A,Nshell, Zshell, NEO, ZEO}
<latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit><latexit sha1_base64="G2TJIVMqxG4Co4LAxLnsdxq1VZ4="></latexit>

Additional information 
about the different shells
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We want to assess the impact of including more 
information into the training set

Several training sets are constructed, with 
increasing physics information in the input

Additionally, we test whether our 
predictions are better when only mass 
excess is predicted or both mass excess 
and the one-neutron separation energy

<latexit sha1_base64="Pua2TBoBuYONaIitQdjgzLv32vM=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIFW2ZkXrZCEVduLFUtBfslCGTSdvQTGZIMkIpfRI3voobF4oIrvRtTNsRtPVA4Mv/n0NyfjdkVCrT/DISM7Nz8wvJxdTS8srqWnp9oyqDSGBSwQELRN1FkjDKSUVRxUg9FAT5LiM1t3s+9Gv3REga8FvVC0nTR21OWxQjpSUnfXjj8Gxp/24XnkL7gjCFHA5z0PaGCK/G1t7PFWZLOUsrTjpj5s1RwWmwYsiAuMpO+sP2Ahz5hCvMkJQNywxVs4+EopiRQcqOJAkR7qI2aWjkyCey2R+tN4A7WvFgKxD6cAVH6u+JPvKl7Pmu7vSR6shJbyj+5zUi1Tpp9ikPI0U4Hj/UihhUARxmBT0qCFaspwFhQfVfIe4ggbDSiaZ0CNbkytNQPchbR/nCdSFTPIvjSIItsA2ywALHoAguQRlUAAYP4Am8gFfj0Xg23oz3cWvCiGc2wZ8yPr8BgP+dwQ==</latexit>

Sn(N,Z) = �n � �M(N,Z) + �M(N � 1, Z)
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Model results overview

<latexit sha1_base64="pimAaikcV2mjbGbDOerllhEoZaM="></latexit>

�RMS =

vuut
P
i
(�MAME

i � �MMDN
i )2

K

Generally, the 
difference between 
the AME and MDN 
decreases with the 
larger input space
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Training on only the mass excess with N and Z as input 
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Training on only the mass excess, including 
macroscopic quantities in the input 
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Training on only the mass excess, including information 
about odd-even staggering
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Training on only the mass excess, including information 
about the distance from shell closures
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Training on only the mass excess, including information 
about which shells the nuclei are in 
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Training on the mass excess and one-neutron 
separation energy
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More physics information in the input provides for a 
more physical extrapolation
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More physics information in the input provides for a 
more robust extrapolation

The same network was trained 50 times to 
understand the spread in the predictions
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Next steps

M. R. Mumpower, et al., PRC 106, L021301 (2022)

Including more physics constraints 
and fewer training points

Understanding feature importance (reflects 
what we know about mass models)
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Summary and conclusions

• Machine learning algorithms that build in well-quantified uncertainties are being 
used regularly within the nuclear theory community (separate from emulators 
to quantify e.g. parametric uncertainties)

• We have been investigating a probabilistic algorithm, the Mixture Density 
Network, to make predictions with uncertainties that reflect the uncertainty on 
the training data

• Here, we show that including more physics information in the input vector (e.g. 
nuclear information beyond neutron and proton numbers) can lead to more 
robust predictions within the training set and extrapolated beyond it

• Similar studies are ongoing to determine what fraction of the training data is 
needed for robust predictions, to investigate metrics to understand the most 
important features of the input, and construct covariances between predictions
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A brief plug

https://lanl.jobs/search/jobdetails/applied-nuclear-theory-postdoctoral-researcher/42459486-0522-4335-
9b37-ad27f570de72

Questions?  Contact Amy Lovell and Ionel Stetcu at t2-pdsearch-2023@lanl.gov

(LANL Jobs, IRC 120807)

https://lanl.jobs/search/jobdetails/applied-nuclear-theory-postdoctoral-researcher/42459486-0522-4335-9b37-ad27f570de72
https://lanl.jobs/search/jobdetails/applied-nuclear-theory-postdoctoral-researcher/42459486-0522-4335-9b37-ad27f570de72

