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•  "There	are	three	kinds	of	lies:	lies,	damned	lies,	and	
sta*s*cs"	(Disraeli,	in	the	context	of	poli*cal	manipula*on)	
	 	 	but...	

•  "While	it	is	easy	to	lie	with	sta*s*cs,	it	is	even	easier	to	lie	
without	them."	(Mosteller;	very	relevant!)	

•  "Essen*ally,	all	models	are	wrong,	but	some	are	
useful"	(Box)	

•  "Those	who	ignore	sta*s*cs	are	condemned	to	reinvent	
it”	(Friedman)	

•  "Sta*s*cal	thinking	will	one	day	be	as	necessary	for	
efficient	ci*zenship	as	the	ability	to	read	or	write"	(Wells)	

hRps://en.wikiquote.org/wiki/Sta*s*cs	



•  A third rate theory explains after the 
facts (postdictive, retrodictive) 

•  A second rate theory forbids 
•  A first rate theory predicts (predictive) 

Classification of theories  
(according to Alexander I. Kitaigorodskii) 



Key Questions
•  How can we estimate statistical uncertainties of calculated quantities? 
😀

•  How we can assess the systematic errors arising from physical 
approximations? 😀 (assess/detect); 😢 hard; EFT is a special case

•  How can model-based extrapolations be validated and verified? WIP
•  How can we improve the predictive power of theoretical models? 

WIP, various application-dependent strategies
•  When is the application of statistical methods justified, and can they 

give robust results? 😀
•  What experimental data are crucial for better constraining current 

nuclear models? WIP
•  How can the uniqueness and usefulness of an observable be 

assessed, i.e., its information content with respect to current 
theoretical models? 😀

•  How can statistical tools of nuclear theory help planning future 
experiments and experimental programs? 😀 WIP; need more 
interactions with experimentalists

•  How to quantitatively compare the predictive power of different 
theoretical models? WIP; Bayesian model comparison



Model errors/model development 
Systematic errors  
•  incorrect assumptions, poor 

modeling 
Statistical errors  
•  optimization 

•  It	makes	no	sense	to	improve	a	
model	below	model’s	resolu*on	

•  Sta*s*cal	tools	can	be	used	to	
both	improve	and	eliminate	a	
model	



Bayesian rules of probability rule 
Determine the evidence for different models via 
marginalization. The model should be neither too simple 
nor too complex (minimum of evidence; Occam's razor).  
•  Allow for nuisance parameters! 
•  Model can be very well determined and very wrong 



Using statistical tools to learn about 
models 

•  Maximizing the evidence; finding the 
optimal parameter space 

•  Correlation studies; what are the 
“independent” observables? 

•  Error budget; what data  are needed 
to better constrain the model 

•  … 



To	es*mate	the	impact	of	precise	experimental	determina*on	of	neutron	skin,	we	generated	
a	new	func*onal	SV-min-Rn	by	adding	the	value	of	neutron	radius	in	208Pb,	rn=5.61	fm,	with	
an	adopted	error	0.02	fm,	to	the		set	of	fit	observables.	With	this	new	func*onal,	calculated		
uncertain*es	on		isovector	indicators	shrink	by	about	a	factor	of	two.	

P.G. Reinhard & W. Nazarewicz,  
PRC 81, 051303 (R) (2010) 



Arts	Fes*val	



Experimental context: some thoughts… 
• Beam time and cycles are difficult to get and expensive. 
• What is the information content of measured observables?  
• Are estimated errors of measured observables meaningful? 
• What experimental data are crucial for better constraining 
current nuclear models? 

• Theoretical models are often applied to entirely new nuclear 
systems and conditions that are not accessible to experiment.  

We can now quantify the statement:  
“New data will provide stringent constraints on 
theory” 



PHYSICAL REVIEW A 83, 040001 (2011):  Editorial: Uncertainty Estimates 
 
The purpose of this Editorial is to discuss the importance of including uncertainty estimates in papers involving theoretical 
calculations of physical quantities. 
 
It is not unusual for manuscripts on theoretical work to be submitted without uncertainty estimates for numerical results. 
In contrast, papers presenting the results of laboratory measurements would usually not be considered acceptable for 
publication in Physical Review A without a detailed discussion of the uncertainties involved in the measurements. For 
example, a graphical presentation of data is always accompanied by error bars for the data points. The determination of 
these error bars is often the most difficult part of the measurement. Without them, it is impossible to tell whether or not 
bumps and irregularities in the data are real physical effects, or artifacts of the measurement. Even papers reporting the 
observation of entirely new phenomena need to contain enough information to convince the reader that the effect being 
reported is real. The standards become much more rigorous for papers claiming high accuracy. 
 
The question is to what extent can the same high standards be applied to papers reporting the results of theoretical 
calculations. It is all too often the case that the numerical results are presented without uncertainty estimates. Authors 
sometimes say that it is difficult to arrive at error estimates. Should this be considered an adequate reason for omitting 
them? In order to answer this question, we need to consider the goals and objectives of the theoretical (or computational) 
work being done. 
 
(…) there is a broad class of papers where estimates of theoretical uncertainties can and should be made. Papers 
presenting the results of theoretical calculations are expected to include uncertainty estimates for the calculations 
whenever practicable, and especially under the following circumstances: 
 
1. If the authors claim high accuracy, or improvements on the accuracy of previous work. 
 
2. If the primary motivation for the paper is to make comparisons with present or future high precision experimental 
measurements. 
 
3. If the primary motivation is to provide interpolations or extrapolations of known experimental measurements.  
 
These guidelines have been used on a case-by-case basis for the past two years.  Authors have adapted well to this, 
resulting in papers of greater interest and significance for our readers. 



•  Contact	JPG	(David)	
•  Contact	PRC	(Rick)	

Please	consider	submieng		your	new	original	
work	to	ISNET@JPG!	
	
hRp://iopscience.iop.org/0954-3899/page/ISNET	



Coming soon: INT Program in 2016

Bayesian Methods in Nuclear Physics (ISNET-4)
June 13 to July 8, 2016

R.J. Furnstahl, D. Higdon, N. Schunck, A.W. Steiner

A four-week program to explore how Bayesian inference can enable progress on
the frontiers of nuclear physics and open up new directions for the field.
Among our goals are to

facilitate cross communication, fertilization, and collaboration on Bayesian
applications among the nuclear sub-fields;

provide the opportunity for nuclear physicists who are unfamiliar with
Bayesian methods to start applying them to new problems;

learn from the experts about innovative and advanced uses of Bayesian
statistics, and best practices in applying them;

learn about advanced computational tools and methods;

critically examine the application of Bayesian methods to particular physics
problems in the various subfields.

Existing efforts using Bayesian statistics will continue to develop over the
coming months, but Summer 2016 will be an opportune time to bring the
statisticians and nuclear practitioners together.



Theory is developing new statistical 
tools to deliver uncertainty 
quantification and error analysis for 
theoretical studies as well as for the 
assessment of new experimental 
data. Such technologies are 
essential as new theories and 
computational tools are explicitly 
intended to be applied to entirely 
new nuclear systems and conditions  
that are not accessible to 
experiment. 

Summary 
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