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§  Step	  1	  –	  Brief	  discussion	  on	  several	  applicaOons	  where	  nuclear	  reacOons	  
play	  a	  pivotal	  role	  (nuclear	  reactors,	  asteroid	  deflecOon,	  NIF/Omega	  
diagnosOcs)	  

§  Step	  2	  –	  Discussion	  of	  the	  nuclear	  databases	  (good,	  bad,	  &	  ugly)	  used	  for	  
applicaOons	  and	  how	  uncertainOes	  are	  currently	  handled	  	  

§  Step	  3	  –	  ApplicaOon	  results	  and	  quoOng	  final	  state	  uncertainOes	  

Overview	  (in	  three	  easy	  steps)	  

How	  databases	  handle/propagate	  uncertainOes	  is	  an	  open	  quesOon	  
and	  discussion/suggesOons	  would	  be	  greatly	  appreciated	  	  
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§  14%	  of	  the	  world’s	  electricity	  is	  provided	  by	  
nuclear	  reactors,	  and	  as	  much	  as	  75%	  in	  
some	  countries,	  such	  as	  France	  

§  Efficiency	  and	  safety	  are	  at	  the	  center	  of	  
any	  reactor	  implementaOon	  

§  This	  is	  usually	  quanOfied	  in	  terms	  of	  the	  
neutron	  mulOplicaOon	  factor,	  keff	  	  
—  keff	  <	  1,	  subcriOcal	  
—  keff	  =1,	  criOcal	  (where	  reactors	  like	  to	  be)	  
—  keff	  	  >	  1,	  supercriOcal	  (fission	  rate	  grows	  

exponenOally/dangerously)	  

§  keff	  	  calculated	  via	  neutron	  transport	  codes	  
which	  use	  nuclear	  reacOon	  databases	  
—  Here	  we	  explore	  Monte	  Carlo	  transport	  

(Mercury),	  which	  has	  its	  own	  set	  of	  
uncertainOes	  

Nuclear	  reactors	  in	  a	  nutshell	  

keff	  is	  most	  dependent	  on	  nuclear	  reacOon	  cross-‐secOons	  
and	  uncertainty	  quanOficaOon	  is	  of	  upmost	  importance	  for	  this	  quanOty	  	  	  

Annular Core Research Reactor 
(Sandia National Laboratories) 

(Courtesy of Perry Chodash) 
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§  10,505	  known	  asteroids	  within	  900k	  
km	  of	  Earth	  ,	  1445	  within	  35k	  km.	  	  Of	  
this	  10,505,	  867	  have	  diameter	  >	  1km	  

Asteroid	  deflec'on	  and	  nuclear	  op'on	  

Uncertainty	  in	  nuclear	  reacOons	  can	  lead	  to	  uncertainty	  in	  final	  results	  
which	  could	  change	  poliOcal	  strategies	  for	  various	  threats.	  	  

Problem Introduction (cont.)

5

Disruption & Deflection Limits

Photo Credit: David Dearborn (LLNL)

The vertical axis shows the diameter of a 2 g / cc body in logarithmic scale from 50 m to 2 km. The horizontal axis shows the Time-to-Impact in years from 0 to 80 years. 


The vertical curves show the disruption limits for the asteroid, which depend on internal structure, material composition, and porosity, to name a few. To the left of the 
disruption limit, the change in velocity required for successful deflection likely exceeds the “jolt” the target body is able to withstand without significant fracturing. Using 
an impactor in this region would most likely cause more damage from a higher number of marginally smaller, still massive fragments (“shotgun” vs. “rifle” comparison). 
Instead, a nuclear explosive should be used to robustly fragment the body such that the largest fragment is small enough to be burned up by the atmosphere.


The horizontal curves show the deflection limits for various nominal impactor momentums. Above this limit, the impactor does not have the capability to impart enough 
change in velocity to avoid the Earth. A nuclear explosive should be used to provide the push.


The green region represents the region in which a kinetic impactor can be used for successful deflection.


The results of project #1, if successful, show that the top bound for the green region can be moved up, and the operational region of a kinetic impactor expanded, if the 
optimal shape is selected.

§  Neutron	  transport	  and	  energy	  deposiOon	  play	  
pivotal	  role	  for	  nuclear	  opOon,	  as	  neutrons	  
can	  deposit	  large	  amounts	  of	  energy	  deeper	  
in	  asteroid,	  leaving	  the	  largest	  impact	  

§  	  Current	  esOmates	  do	  not	  take	  nuclear	  
uncertainOes	  into	  account	  (i.e.	  the	  plot	  of	  
scenarios	  to	  the	  lel	  likely	  has	  appreciable	  
uncertainty)	  
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§  For	  inerOal	  confinement	  fusion	  (ICF)	  
experiments,	  neutrons	  and	  gamma	  rays	  from	  
nuclear	  reacOons	  provide	  most	  prompt	  
diagnosOcs	  (window	  into	  what	  is	  going	  on)	  

Diagnos'cs	  for	  laser	  experiments	  (NIF,	  Omega,	  …)	  

Proper	  uncertainty	  of	  deuteron	  reacOons	  required	  to	  accurately	  diagnose	  NIF	  implosions	  	  
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The neutron energy spectrum provides essential information  
about cryogenic DT implosion performance

The least-understood energy component is caused by the neutron-induced 
breakup reaction that is directly proportional to the areal density.

5

• The energy spectrum is used to infer 
the primary monoenergetic yield, ion 
temperature, and neutron-averaged tR
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• The energy spectrum is used to infer 
the primary monoenergetic yield, ion 
temperature, and neutron-averaged tR

§  Neutron-‐deuteron	  interacOons	  are	  
largest	  source	  of	  uncertainty,	  in	  
parOcular	  deuteron	  breakup:	  D(n,2n)p	  

§  Large	  final	  state	  discrepancies	  found	  
among	  nuclear	  data/evaluaOons	  

§  Experimentalists	  at	  LLE	  in	  Rochester	  
have	  started	  performing	  nuclear	  cross-‐
secOon	  measurements	  on	  Omega	  to	  
further	  explore	  issues	  

See 2015 DPP talk and Ph.D thesis of Chad Forrest for more info 

(Photos from LLNL) 

(Figures from C. Forrest 2015 DPP presentation) 



LLNL-PRES-696059 
6	  

§  Basic	  data	  flow:	  data	  expands	  (distribuOons,	  correlaOons,	  etc.)	  in	  each	  field	  and	  then	  is	  consolidated	  at	  “node”	  before	  being	  
handed	  off	  to	  next	  field	  as	  input	  

§  Experiment	  in	  consolidated	  into	  database	  (EXFOR)	  for	  evaluators	  (would	  be	  nice	  to	  have	  similar	  database	  for	  computaOonal	  
theory	  calculaOons	  of	  nuclear	  reacOons	  and/or	  have	  more	  evaluators	  use	  such	  data	  )	  

§  EvaluaOons	  are	  consolidated	  into	  nuclear	  databases	  (ENDF,	  ENDL,	  etc.)	  

Data	  flow,	  input	  data,	  and	  databases	  

Key	  quesOon	  of	  talk:	  what	  minimized	  set	  of	  informaOon	  is	  needed	  at	  each	  node	  to	  accurately	  
quanOfy	  uncertainty	  at	  each	  stage	  of	  the	  calculaOon?	  

R-matrix 

Optical Models 

Hauser-Feshbach 

ENDF 

ENDL 

… 

Reactors 

NIF 

… 

Computational Theory Experiment Continuous Energy Evaluations Databases Applications 

(From Will Detmold presentation) (FRIB) 
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§  At	  LLNL	  we	  use	  ENDL	  format	  (1959),	  which	  
was	  designed	  for	  compactness	  in	  order	  to	  fit	  
on	  70-‐byte	  punch	  cards	  

§  Compactness	  leads	  to	  physics	  limitaOons	  
—  Only	  point-‐wise	  data	  
—  Only	  stores	  two-‐body	  c.o.m.	  frame	  angular	  data	  
—  Stores	  limited	  gamma	  data	  for	  2+	  step	  reacOons	  

The	  ENDL	  present	  and	  GND	  future	  	  

UncertainOes	  can	  come	  from	  bugs/errors,	  but	  these	  too	  need	  to	  be	  accounted	  for	  in	  the	  end	  	  

9

FIG. 5: Flow chart showing the build process for ENDL libraries

If P (µ|E) is available and the � multiplicity is 1, it is
possible to generate P (E0|E, µ) from kinematics. Oth-
erwise, talys (and geft[24]) are used to generate a �

cascade. When angular distributions are missing from
(n, n0) channels, isotropic distributions are generated. If
other reactions not explicitly mentioned here are missing
outgoing particle distributions in their original evalua-
tions, other libraries were checked for these distributions.
Since TENDL-2009 contained 2400 evaluations, this li-
brary was the primary source of missing outgoing particle
distributions. If the TENDL-2009 distribution contained
errors, the necessary data were generated from talys us-
ing geft. Many of the TENDL-2009 evaluations have
erroneous (n,tot) cross sections. These were replaced by
summing all the partial cross sections to get the total.

B. Supplementing activation libraries

The review process included two libraries, RACS-1.0
and ROSFOND, that are activation only. The evalu-
ations contained in these libraries included only cross
sections, not distributions, for a limited set of reaction
channels. A more rigorously process was necessary to
complete these evaluations than other ENDF-style eval-
uations.

The RACS/ROSFOND evaluations that appear in
ENDL are a mix of three evaluations. The cross sec-
tions from RACS/ROSFOND are combined with the
other cross sections from TENDL. The angular distri-
butions and energy spectra are taken from a mixture of
TENDL evaluations and files generated from a default
run of talys and converted to ENDL using geft. Since
the three evaluations come from di↵erent sources, there

are some inconsistencies between the representation of
the nuclear data which must be resolved before the data
can be merged into the final evaluation.
The RACS data library contains cross section data for

isomeric states where they exist. If the residual nucleus in
a reaction channel has an isomer, then the energy of the
level of the isomeric state was donated by the X4 field in
the ENDL data format. When making complete evalua-
tions and supplementing the cross sections with angular
distributions and spectra, no distinction was made be-
tween isomeric states in the angular distributions. Since
the processing codes could not handle isomers in this for-
mat, the isomeric states were summed into a single cross
section in these evaluations.
The (n, np) and (n, pn) reactions in ENDL format cor-

respond to C = 20 and C = 21 respectively. The di↵er-
ence between the channels is the order in which the par-
ticles are emitted. In the former, the neutron is emitted
first while the proton is emitted first in the latter. The
cross sections can be quite di↵erent, and the angular dis-
tributions in particular since the first particle is emitted
mainly through pre-equilibrium processes, which are for-
ward peaked, while the second particle is emitted via
compound emission which is isotropic. The RACS eval-
uations were produced using stapre[25], which can pro-
duce separate cross sections for the two channels. Some of
the RACS evaluations keep track of the separate channels
while others only track the sum, (n, np+pn). When only
the sum is tracked, it is stored in C = 21. The TENDL
evaluations, which also only track the sum, are put into
C = 20 by fete during the translation to ENDL format.
To merge the evaluations, the RACS (n, np) and (n, pn)
cross sections were summed and put into C = 20.
The TENDL evaluations needed additional manipula-

§  Processing	  complicated	  and	  poorly	  
documented,	  thus	  bugs	  abound	  
—  Example:	  

•  Many	  evaluaOons	  do	  not	  conserve	  energy	  
•  Needed	  kludge	  is	  implemented	  to	  fix	  this,	  but	  
fix	  introduced	  a	  bug	  that	  led	  to	  massive	  errors	  
in	  outgoing	  gammas	  

§  ENDL	  not	  unique	  in	  this	  regard;	  ENDF	  
and	  other	  databases/processing	  codes	  
have	  just	  as	  many	  if	  not	  worse	  
processing	  bugs	  

(From ENDL2011 documentation) 
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§  Some	  channels	  have	  large	  amounts	  of	  data,	  such	  as	  235U(n,f),	  
which	  gives	  evaluators	  high	  confidence	  in	  evaluaOons	  (at	  the	  
few	  percent	  level)	  

§  Most	  channels	  have	  li?le	  or	  no	  data,	  such	  as	  16O(n,n’).	  	  In	  this	  
parOcular	  case,	  evaluaOon	  derived	  indirectly	  from	  combinaOon	  
of	  R-‐Matrix/H-‐F	  fits	  of	  16O(n,tot),	  16O(n,elas),	  and	  12C(α,n).	  	  
Huge,	  uncontrolled	  uncertainty.	  

§  Different	  evaluaOon	  in	  Japan	  (JENDL)	  and	  China	  (CENDL)	  differ	  
greatly	  from	  US	  (ENDF)	  and	  Europe	  (JEFF)	  

Not	  all	  data	  should	  be	  treated	  the	  same	  

Without	  uncertainOes,	  nuclear	  database	  treats	  these	  as	  equally	  valid	  evaluaOons	  

(EXFOR) (EXFOR) 
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§  With	  many	  of	  the	  point-‐wise	  
evaluaOons	  in	  each	  channel	  [	  (n,elas),	  
(n,n’),	  (n,2n),	  (n,f)	  ],	  the	  databases	  store	  
a	  covariance	  matrix	  

§  Processing	  code	  (kiwi)	  take	  this	  
covariance,	  sample	  from	  a	  Gaussian	  
distribuOon	  on	  each	  principle	  vector,	  
and	  then	  rotate	  back	  to	  determine	  a	  
new	  variaOon/realizaOon	  of	  the	  data	  
(i.e.	  a	  new	  database	  with	  correlated	  
Gaussian	  variaOons)	  

§  Current	  ENDL	  data	  format	  does	  not	  
have	  cross-‐channel/isotope	  covariances	  
(GND	  will	  allow	  for	  this)	  and	  currently	  
can	  only	  do	  Gaussian	  variaOons	  (no	  
specificaOon	  of	  distribuOons	  is	  given)	  

Database	  covariance	  matrices	  and	  varia'ons	  	  

Channels	  with	  covariance	  matrices	  allow	  us	  to	  make	  new	  database	  with	  correlated	  
Gaussian	  variaOon	  of	  those	  channels	  

    σ vs. E for 239Pu(n,f)
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(Presentation of Caleb Mattoon) 
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§  From the covariance matrix M get eigenvalues λ and 
eigenvectors Λ (where ith column of Λ is the vector 
corresponding to λi) 

§  Variation vector R: 

Database	  covariance	  matrices	  and	  varia'ons	  	  

Covariance	  of	  many	  realizaOons	  (variaOons)	  R-‐vectors	  reproduces	  covariance	  matrix	  M	  

Technical description of what code does:  

⌘j =
p

�jVj

Random (Gaussian-distributed) 
Type = number Eigenvalue 

Type = number 
Weight 

Type = number 
Eigenvector 

Type = vector 
Realization 

Type = vector 

Ri =
X

j

�j�j,i

(Thanks to Caleb Mattoon for spelling this out for me) 
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after 10 realization 
iterations (Slide from Caleb Mattoon) 

Covariance	  example	  for	  239Pu(n,f)	  
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after 100 realization 
iterations (Slide from Caleb Mattoon) 

Covariance	  example	  for	  239Pu(n,f)	  
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after 1000 realization 
iterations (Slide from Caleb Mattoon) 

Covariance	  example	  for	  239Pu(n,f)	  
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after 10K realization 
iterations (Slide from Caleb Mattoon) 

Covariance	  example	  for	  239Pu(n,f)	  
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§  Dark	  line	  is	  original	  evaluaOon	  and	  
colored	  lines	  are	  30	  variaOons	  

§  As	  expected,	  235U	  (n,f)	  does	  not	  vary	  
much	  (<	  1%)	  in	  low	  energy	  regime	  

Gaussian	  varia'on	  examples	  

For	  many	  channels	  and	  isotopes,	  variaOons	  largely	  reflect	  (known)	  uncertainOes	  in	  evaluaOons	  
and	  rarely	  underesOmate	  uncertainOes	  	  

Incident Energy (MeV) 
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235U (n,f) 

16O (n,n’) 

§  VariaOons	  much	  more	  significant	  for	  high	  
energies	  of	  16O	  (n,n’),	  not	  dissimilar	  from	  
spread	  of	  different	  evaluaOons	  
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§  Not	  uncommon	  to	  overesOmate	  uncertainOes	  

§  In	  the	  case	  of	  D	  (n,2n),	  there	  is	  ample	  experimental	  data	  and	  a	  “reasonable”	  evaluaOon,	  but	  covariance	  in	  
database	  suggests	  factors	  of	  5	  uncertainty	  across	  energy	  range	  

§  	  EvaluaOon	  sOll	  not	  ideal	  (N-‐body	  phase	  space	  model	  as	  opposed	  to	  Fadeev	  methods	  or	  pionless	  EFT),	  and	  
puzzles	  sOll	  remain	  in	  final	  state	  neutron	  energy	  distribuOons	  (large	  uncertainty	  source	  I	  do	  not	  cover	  here)	  

Some	  covariance	  matrices	  give	  “excessive”	  
uncertainty	  

Being	  “overly-‐conservaOve”	  in	  uncertainty	  esOmaOon	  can	  be	  equally	  detrimental	  

ENDF Request 21673, 2015-Nov-05,20:36:41
EXFOR Request: 93562/1, 2015-Nov-05 20:36:30
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(EXFOR) 
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§  100	  keff	  calculaOons	  of	  ACRR	  reactor	  
using	  Monte	  Carlo	  Transport	  and	  
100	  variaOons	  of	  nuclear	  database	  

§  Varied	  all	  isotopes	  in	  reactor;	  
channels	  (n,n’),	  (n,2n),	  (n,f),	  (n,p),	  
(n,d),(n,t),(n,γ)	  

§  Example	  of	  a	  reactor	  setup	  where	  
<keff>	  is	  subcriOcal,	  but	  nuclear	  
uncertainOes	  allow	  for	  supercriOcal	  
possibiliOes	  

§  While	  differences	  look	  small	  to	  non-‐
experts,	  reactor	  experts	  do	  not	  
consider	  this	  spread	  “small”	  

Reactor	  example:	  keff	  for	  different	  data	  varia'ons	  
	  

Nuclear	  reacOon	  uncertainOes	  can	  play	  a	  significant	  role	  in	  keff	  
and	  accurate	  representaOon	  of	  result	  distribuOon	  also	  important	  	  	  

Based on initial code by Perry Chodash Work by George Papadimitriou  

(G. Papadimitriou) 
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§  Can	  single	  out	  individual	  channels	  for	  
variaOons	  

§  9Be(n,2n)	  8Be	  has	  large	  cross-‐secOon	  for	  
low	  energy	  neutrons	  (reactor	  has	  35%	  
enriched	  UO2-‐BeO	  fuel)	  

Reactor	  example:	  keff	  for	  different	  data	  only	  
varying	  9Be(n,2n)	  

While	  spread	  is	  larger	  when	  all	  isotopes	  are	  varied,	  it	  is	  clear	  9Be(n,2n)	  uncertainty	  important	  
(i.e.	  would	  need	  to	  improve	  evaluaOon/data	  on	  uncertainty	  to	  reduce	  reactor	  uncertainty)	  	  	  

Only the 9Be (n,2n) cross-section was varied. 

Only the 9Be (n,2n) variations vs. all variations. 

(G. Papadimitriou) 

(G. Papadimitriou) 
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§  Two	  sources	  of	  staOsOcal	  
uncertainty:	  nuclear	  
evaluaOon	  uncertainty	  
and	  Monte	  Carlo	  (MC)	  
transport	  uncertainty	  

§  In	  principle,	  MC	  
transport	  uncertainty	  
scales	  with	  square	  root	  
of	  the	  number	  of	  sample	  
parOcles	  

§  Only	  way	  to	  separate	  the	  
two	  uncertainOes	  is	  to	  
increase	  MC	  samples	  
and	  see	  how	  distribuOon	  
changes	  	  

Reactor	  example:	  Separate	  sources	  of	  uncertainty	  

Since	  width	  does	  not	  change	  with	  MC	  samples,	  spread	  due	  almost	  enOrely	  to	  nuclear	  data	  
uncertainty	  (would	  need	  improve	  reacOon	  experiment	  or	  reacOon	  theory)	  	  	  

2 x10^6MC particles

5 x10^5MC particles

0.994 0.996 0.998 1.000 1.002 1.004
k - eff
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Endl2009 -2 database variationsand impacton reactork-eff

(G. Papadimitriou) 
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Reactor	  example:	  keff	  comparing	  different	  
databases	  &	  processing	  codes	  

Many	  issues	  remain,	  when	  comparing	  different	  databases/transport	  codes	  (red	  vs.	  blue)	  and	  the	  
comparison	  with	  experiment.	  

(Slide from Perry Chodash’s presentation) 
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§  A?empt	  to	  figure	  out	  the	  energy	  deposiOon	  of	  a	  neutron	  beam	  at	  a	  
fixed	  energy	  as	  a	  funcOon	  of	  depth	  in	  the	  target	  asteroid	  material	  
(we	  will	  focus	  on	  SiO2).	  

§  Large	  gamma	  energy	  upon	  neutron	  capture,	  (n,γ),	  allows	  for	  deep	  
energy	  deposiOon,	  but	  (n,p)	  and	  (n,α)	  interacOons	  reduce	  energy	  
deposited	  as	  it	  takes	  energy	  to	  pry	  parOcles	  from	  bound	  state	  

Asteroid	  deflec'on	  example:	  Energy	  deposi'on	  
on	  SiO2	  

Neutron	  can	  deposit	  energies	  up	  to	  a	  few	  meters	  deep.	  
CalculaOons	  also	  allow	  for	  detailed	  checks	  of	  database/processing	  codes.	  	  
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Based on initial code by Rob Managan Work by George Papadimitriou  

(G. Papadimitriou) (G. Papadimitriou) 
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§  Ran	  mulOple	  energy	  deposiOon	  calculaOons	  
with	  100	  variaOons	  on	  28Si	  and	  16O	  reacOons	  

§  Calculate	  covariance	  matrix,	  which	  can	  be	  
used	  in	  next	  stage	  of	  asteroid	  calculaOons	  

Asteroid	  deflec'on	  example:	  Energy	  deposi'on	  
on	  SiO2	  with	  data	  varia'ons	  and	  final	  covariance	  

Final	  covariance	  and	  correlaOon	  matrices	  show	  regions	  of	  high	  correlaOon	  	  

variance- covariance for the depth

(G. Papadimitriou) 
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§  Plots	  show	  variance	  of	  diagonal	  
elements	  of	  covariant	  matrix	  
for	  different	  sample	  Monte	  
Carlo	  parOcles	  	  and	  the	  raOo	  of	  
two	  of	  the	  curves	  

Asteroid	  deflec'on	  example:	  Separa'ng	  out	  
different	  sources	  of	  uncertainty	  

Most	  regions	  are	  limited	  by	  nuclear	  reacOon	  uncertainOes,	  but	  several	  regions	  could	  improve	  
with	  more	  Monte	  Carlo	  transport	  samples	  

§  Different	  energies	  have	  different	  uncertainty	  sources	  

§  In	  lel	  plot,	  if	  the	  variance	  raOo	  is	  around	  1,	  uncertainty	  
is	  due	  to	  nuclear	  data.	  	  If	  larger	  than	  1	  (on	  the	  order	  of	  
3),	  uncertainty	  can	  be	  adressed	  with	  more	  Monte	  Carlo	  
transport	  samples	  (i.e.	  more	  computer	  Ome)	  

(G. Papadimitriou) 

(G. Papadimitriou) 
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Asteroid	  deflec'on	  example:	  Separa'ng	  out	  
different	  sources	  of	  uncertainty	  

CorrelaOons	  in	  data	  become	  more	  clear	  with	  more	  resolved	  transport.	  	  	  
Also,	  covariance	  matrix	  gives	  a	  good	  qualitaOve	  metric	  for	  MC	  resoluOon.	  

105 MC samples 106 MC samples 107 MC samples 

(G. Papadimitriou) 



LLNL-PRES-696059 
27	  

§  The	  primary	  goal	  of	  this	  talk	  was	  to	  show	  explicit	  examples	  of	  how	  
applicaOons	  use	  nuclear	  physics	  and	  uncertainOes	  

§  At	  the	  crux	  of	  all	  issues	  are	  the	  double-‐edge	  swords	  called	  databases	  
—  On	  one	  hand,	  the	  summary	  and	  consolidaOon	  of	  data	  is	  a	  must	  for	  going	  

forward	  to	  an	  applicaOon	  
—  Unfortunately,	  discarded	  informaOon	  and	  bugs/errors	  largely	  complicate	  

ma?ers	  

§  Current	  uncertainty	  prescripOon	  in	  nuclear	  database:	  covariance	  
matrices	  for	  many	  isotopes	  and	  channels	  
—  ApplicaOons	  used	  these	  covariance	  matrices	  to	  make	  new	  varied	  database	  and	  

rerun	  their	  calculaOons	  dozens	  of	  Omes	  
—  VariaOons	  of	  cross-‐channel	  and	  cross-‐isotope	  covariances	  (coming	  in	  GND)	  
—  Currently	  no	  info	  on	  distribuOons	  are	  stored	  

Closing	  Thoughts	  

Uncertainty	  quanOficaOon	  in	  applicaOons	  is	  of	  top	  importance	  in	  many	  fields	  
and	  any	  suggesOons	  would	  be	  greatly	  appreciated	  	  




