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Parameters	  for	  Assessing	  Adjustments	

•  RepresentaDvity	  factor	  between	  two	  
experiments,	  E	  and	  E’	  (=	  correlaDon	  factor):	  

•  Individual	  chi-‐value	  measured	  in	  sigmas	  
(=	  raDo	  of	  |C/E	  -‐1|	  to	  the	  total	  uncertainty):	  

•  Ishikawa	  factor:	  
	

November	  27	  -‐	  28,	  2014	 WPEC	  Subgroup	  39	 3	

iiEC

T
ii

i M
SMSIS
)(

σ≡

2/1
''

'
' )])([(

)(
T
EE

T
EE

T
EE

EE SMSSMS
SMSf

σσ

σ≡

12
, )()(

)(
−−=

+

−
≡ iiii

iiEC
T
ii

ii
iind GCE

MSMS

CE

σ

χ



Parameters	  for	  Assessing	  Adjustments	  
(contd.)	

•  IniDal	  chi-‐square	  value:	  

•  ContribuDon	  to	  chi-‐square	  value:	  

•  Diagonal	  chi-‐value	  measured	  in	  sigmas:	  
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Indices	  for	  InterpreDng	  Adjustments	

•  Square	  root	  of	  mobility	  
(=	  pseudo	  standard	  deviaDon	  including	  correlaDons):	  

•  Adjustment	  moDve	  force:	  

•  Adjustment	  potenDal	  
–  This	  index	  is	  calculated	  with	  averaged	  CI/EI over	  a	  set	  of	  
core	  parameters	  I,	  which	  is	  related	  to	  the	  core	  parameter	  i	  
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Fi, j =
(Δσ /σ )i, j

J
cosθ

cosθ =
(Δσ /σ )i, j ⋅ J
(Δσ /σ )i, j ⋅ J

where	

Dj = sgn(Mσ , j J ) Mσ , j J = [1,1,..,1]Twhere	

(Δσ/σ)i,j is	  a	  special	  adjustment	  result,	  in	  which	  only	  one	  cross	  secDon	  j	  
is	  adjusted	  by	  using	  only	  one	  integral	  experiment	  i	

(Δσ /σ )i, j =Mσ , jSi, j
T Gi, j

−1(J −Ci Ei )



Premises	  of	  Valid	  Adjustment	
•  No	  missing/underesDmaDon	  of	  uncertainty	  

–  Valid	  nuclear	  data	  covariance:	  Mσ
–  Valid	  experiment	  covariance:	  MΕ
–  Valid	  calculaDon	  covariance:	  MC

•  Consistency	  of	  C/E	  values	  and	  covariance	  matrices	  
(=chi-‐square	  test)	  

•  Note:	  
–  If	  there	  are	  missing	  isotopes	  and	  reacDons	  in	  nuclear	  data	  covariance	  

(i.e.	  extreme	  underesDmaDon),	  variaDons	  of	  some	  other	  cross	  secDons	  
could	  be	  unreliable	  due	  to	  compensaDons	  

–  Both	  underesDmaDon	  and	  overesDmaDon	  of	  experiment	  and/or	  
calculaDon	  uncertainty	  could	  give	  unreliable	  results	  as	  well	  

–  OveresDmaDon	  of	  experiment	  and/or	  calculaDon	  uncertainty	  does	  not	  
affect	  adjustment	  results	  because	  it	  is	  equivalent	  to	  eliminaDon	  of	  the	  
experiment	  
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Assessment	  of	  Adjustment	

•  Before	  adjustments	  
– Some	  assessments	  can	  be	  performed	  before	  
adjustments	  

– The	  assessments	  before	  adjustment	  are	  
independent	  from	  the	  set	  of	  experiments	  

•  Aher	  adjustments	  
– Others	  are	  done	  aher	  adjustments	  with	  referring	  
to	  the	  adjustment	  results	  

– The	  assessments	  aher	  adjustment	  depend	  on	  the	  
set	  of	  experiments	  
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Assessment	  of	  Adjustment	  (before)	
•  SelecDon	  of	  experiments	  
–  RepresentaDvity	  factor:	  fEE’	  <<	  1	  

•  The	  complementarity	  of	  the	  experiments	  can	  be	  
established	  by	  looking	  at	  the	  factor	  among	  the	  selected	  
experiments	  

–  Individual	  chi-‐value: χind,i >>	  1	  
•  Inconsistency	  between	  |C – E| and	  covariance	  matrices,	  

SMσS	  ,	  ME	  	  and	  MC 
–  Ishikawa	  factor:	  ISi 
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Assessment	  of	  Adjustment	  (aher)	

•  DetecDon	  of	  unreliable	  adjustments	  
–  RejecDon	  of	  the	  associated	  experiment	  is	  suggested	  

•  Cross	  secDon	  variaDon	  is	  larger	  than	  one	  sigma	  of	  the	  “a	  priori”	  
standard	  deviaDon,	  and	  no	  abnormality	  is	  observed	  in	  covariance	  
matrix	  

–  Physical	  mechanism	  should	  be	  invesDgated	  
•  Large	  variaDons	  of	  the	  cross	  secDons	  are	  observed	  in	  energy	  
ranges,	  isotopes	  or	  reacDons	  that	  are	  not	  the	  main	  target	  

•  Large	  variaDons	  of	  the	  cross	  secDons	  are	  produced	  but	  the	  “a	  
posteriori”	  associated	  standard	  deviaDon	  reducDons	  are	  small	  

–  Recommended	  checks	  
•  Comparison	  of	  adjusted	  results	  with	  exisDng	  validated	  nuclear	  
data	  files	  and/or	  reliable	  differenDal	  measurements	  
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Assessment	  of	  Adjustment	  (aher)	  
(contd.)	

•  Aher	  adjustment	  if	  chi-‐square	  value	  is	  not	  saDsfactory	  (>	  
1),	   experiments	   can	   be	   removed	   (chi-‐filtering)	   based	  
either	  on	  diagonal	  chi-‐square	  value	  (ORNL)	  or	  chi-‐square	  
contribuDon	  (INL).	  

•  For	   instance	   the	   “a	   posteriori”	   (=minimum)	   chi-‐square	  
contribuDon	   indicates	   the	   integral	   parameters	   that	  
contribute	   more	   to	   the	   final	   χmin

2.	   In	   this	   way,	   it	   is	  
possible	   to	   classify	   in	   a	   hierarchical	   way	   which	  
experiment	   should	   be	   discarded	   or	   reconsidered.	   It	   has	  
to	   be	   noted	   that	   an	   experiment	   	   can	   give	   a	   negaDve	  
contribuDon,	   which	   means	   that	   the	   corresponding	  
integral	  parameter	  is	  very	  effecDve	  in	  the	  adjustment.	  	
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CompensaDon	  Effects	

•  Examples	  
– Pu-‐239	  χ	  and	  inelasDc	  in	  general	  

•  Equivalent	  effect	  through	  neutron	  spectrum	  changes	  
– Capture	  and	  (n,2n)	  for	  irradiaDon	  experiments	  

•  	  Same	  impact	  of	  disappearing	  the	  associated	  isotope	  
– Capture	  and	  fission	  for	  spectral	  indices	  

•  e.g.	  U-‐238	  capture	  and	  Pu-‐239	  fission	  for	  C28/F49	  
•  CompensaDon	  between	  numerator	  and	  denominator	  

– Many	  reacDons	  for	  criDcaliDes	  
•  Capture,	  fission,	  ν,	  χ,	  inelasDc,	  elasDc,	  …	  
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Avoiding	  CompensaDon	  Effects	  
(StaDc	  method)	

•  Use	  of	  specific	  experiments	  
– “Flat”	  or	  “steep”	  adjoint	  flux	  reacDvity	  
experiments	  
•  To	  separate	  inelasDc	  from	  absorpDon	  cross	  secDons	  

– Neutron	  transmission	  of	  leakage	  experiments	  
•  SensiDve	  mostly	  for	  inelasDc	  

– ReacDon	  rate	  distribuDon	  
•  SensiDve	  mostly	  for	  elasDc	  and	  inelasDc	  

– ReacDon	  rate	  raDo	  
•  SensiDve	  mostly	  for	  specific	  reacDons	  

– Sample	  oscillaDons	  (maybe	  we	  can	  find	  more	  …)	
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Avoiding	  CompensaDon	  Effect	  
(Dynamic	  method)	

•  Physical	  interpretaDon	  of	  adjustments	  
– To	  understand	  the	  mechanism	  of	  adjustments	  

•  If	  the	  compensaDon	  effect	  is	  reasonable	  and	  physical,	  
we	  may	  rely	  on	  the	  adjustment	  results	  

– One	  possible	  way	  is	  to	  use	  the	  adjustment	  moDve	  
force	  and	  adjustment	  potenDal	  

–  It	  works	  for	  limited	  cases,	  for	  example,	  a	  small	  
case	  which	  uses	  a	  few	  of	  experiments	  

– More	  sophisDcated	  method	  is	  needed	  to	  senle	  
this	  issue	  
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Use	  of	  “A	  Posteriori”	  Covariance	  
Matrix	

•  Not	  only	  the	  standard	  deviaDon	  of	  the	  “a	  priori”	  covariance	  
matrix,	  but	  also	  the	  correlaDons	  significantly	  affect	  the	  
adjustment	  results	  

•  The	  “a	  posteriori”	  correlaDon	  matrix	  is	  full	  and	  have	  a	  
significant	  impact	  in	  reducing	  the	  “a	  posteriori”	  uncertainty	  

The	  “a	  posteriori”	  correlaDons	  are	  useful	  and	  physical	  since	  
they	  come	  from	  combinaDon	  of	  two	  physical	  data,	  i.e.	  

differenDal	  and	  integral	  experiments	  

•  Once	  the	  adjustment	  is	  uDlized,	  the	  “a	  posteriori”	  
correlaDons	  should	  be	  reflected	  to	  the	  nuclear	  data	  
evaluaDon,	  otherwise	  it	  might	  be	  unphysical	  
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APPENDIX	
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Common	  Nomenclature	
•  Ei(i=1, …, NE):	  experimental	  value	  of	  measured	  integral	  parameter	  i	  
•  Ci(i=1, …, NE): “a	  priori”	  calculated	  value	  of	  integral	  parameter	  i	  
•  Ci’(i=1, …, NE): “a	  posteriori”	  calculated	  value	  of	  integral	  parameter	  i	  
•  σj (j=1, …, Nσ): “a	  priori”	  cross	  secDons	  
•  σj’ (j=1, …, Nσ): “a	  posteriori”	  cross	  secDons	  
•  Sij:	  sensiDvity	  coefficients	  for	  integral	  parameter	  i	  and	  cross	  secDon	  j	  
•  MEC=(ME+MC): integral	  parameter	  covariance	  matrix	  
•  ME: integral	  parameter	  covariance	  matrix	  due	  to	  experiment	  covariance	  
•  MC: integral	  parameter	  covariance	  matrix	  due	  to	  calculaDon	  covariance	  
•  Mσ: “	  a	  priori”	  cross	  secDon	  covariance	  matrix	  
•  Mσ’: “a	  posteriori”	  cross	  secDon	  covariance	  matrix	  
•             : chi-‐square	  funcDon	  to	  be	  minimized	  in	  the	  adjustment	  
•          : minimized	  chi-‐square	  value	  
•  G=(MEC+S Mσ ST): total	  integral-‐parameter	  covariance	  matrix	  (to	  be	  

inverted	  in	  adjustment	  formulas)	  
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Common	  Nomenclature	  
(contd.)	

•  Matrix	  indexing:	
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Adjustment	  Formulas	

•  “A	  posteriori”	  cross	  secDons:	  

•  “A	  posteriori”	  cross	  secDon	  covariance	  matrix:	  

•  Chi-‐square	  funcDon	  to	  be	  minimized:	  

•  Minimized	  chi-‐square	  value:	  
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