Dynamic Uncertainty Quantification in Bayesian Model Combination for Nuclear Extrapolation

Bailey Knight, Sudhanva Lalit, Pablo Guiliani, Kyle Godbey, Witold Nazarewicz, Ante Ravlic
Facility for Rare Isotope Beams (FRIB), Michigan State University, East Lansing, Ml 48824 USA

Bayesian Model Combination

Error Modeling

BMC Predictions vs. Experiment
: : : To accommodate for a change 14
+ Problem: Single theoretical models have local biases - the maanitude of J o = a Lyv
and often don't have well-quantified uncertainties a9 2 1 0l
uncertainty across the range o; = a+f-d;
. L . of the nuclear chart, it is often 2 4 By ?
+ Bayesian Model Combination (BMC) is a procedure that o; = a+ fidi + Pady, L0l
. . useful to leverage a 9 .
takes an input set of theoretical models and constructs a . . o; = o+ Bad; + Byv;, = Fm
. i heteroscedastic uncertainty £
weighted ensemble model that can make predictions on the scale that changes across the A sampling of error models. a = gl
entire dataset with quantified uncertainties. The resulting edictive domagin represents a constant error scale, B <
model is the best combination of the theory that predicts the P ' 's a trained weight, and d/v are il
al \ metrics of each nucleus. / o 68 C
training data. —— Mean Prediction
4 ¢  Training AME
. BMC re“es on the assumption ; | Valldatlng Extrapolatlon Capabllltyon SnChaln _ E Validation AME
that the real truth is within L 10 Hetero Est. Error (20het) 135 i 5 Tt T 5
the convex hull of the theory = | ~-= Homo Est. Error (20pom) Neutron Number (N)
models. For these applications, 5 0.8 - [Training Residuals -
diff t E D it = e Validation Residuals | Q lculations & Generalizabilit
we use different Energy Density | . Prediction Residuals e | a Calculations eneralizability
Functionals (EDFs) and Density s 0.6/ v ol ¥
. i JUY e AN I _ . .
Functional Theory (DFT) that roul B W YNPY PR ALV WA AR 11 WS BN AY kS BMC can be applied to predict any type of nuclear
. . @] 3 - a e YU . . . .
reflects the microscopic s 047 o o e " j observable. In this demonstration, it predicts the alpha
mechanics of nuclei. c | [V e Ce B decay Q value for superheavy nuclei with very limited
5 02 e e T et | experimental data.
\ / g DDDDDDDD - DDDDDDDD DD... ®e ° ...
a- 0.0775 60 80 100 120

Neutron Number (N)

P D - Sron CombnedEsimate | @ BMC is an effective tool to
=aelil] +Mu|EEDED+LEE!|IT{ *5n) I
\ e perform extrapolations | - Future Work
30 AR beyond the current limits of Heteroscedastic Error Quantification:
O\ g experimental data. Future projects for BMC application:

Allowing the variance to fluctuate across the isotopic
regime results in a more accurate estimation of the .

e,
h
M=o

Using Bayesian methods,

P
=

—#- 5 _RIKEN(™Sn)
—-5___ RIKEN("Sn)

Y
N

Neutron Separation Energy (Melf)

we can make predictions
of unmeasured
observables accompanied

10 by rigorous uncertainty

8 b. bands that reflect how well
> the models are able to

B . .
E; predict experimental data.
0
> 4
=  With these predictions, we
o 3 AME2020 (BMG training) |
5 e s are able to probe what our
(4 - - - - ] .
8 S e ) ,;“Te_jﬂw;-“re{ _- experiments and theory tell
5 SRR v s e o = o s o us probabilistically about
S_o| 2 <in [ [=an [<n [ om0 the edge of nuclear
O i&P‘Dﬂ]:‘ﬂnl wCd ﬂ'ﬁIZ:IZIJ:ﬂI:-:fI "SDZIJ:H'D:I 'ﬂD:IJ:'ﬂEﬂ 'f‘ﬂ:IJ - .

43 !:'~III“E1‘I-52 EE--"-Ei EE--"-EE E-'.’“-SE - eXIStence
— 4t N :
46 48 50 52 54 56 58
N
FACILITY FOR

FRIBE

RARE ISOTOPE BEAMS

uncertainty in both the training region and the

prediction region in synthetic data experiments.
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K BMC predictions of the limits of proton-heavy existence in the Sn region /
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