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Why Covariance?

Let us consider a quantity Q(o?, a® ).

Error propagation from o2 and o® to Q:

(a0 -( 2 )2(7&)2 (B (SSW_{SSJ

Total uncertainty ofc?@

Total rtainty ofgb Covariance between o2 and o
otal uncertainty ofo

Not only total uncertainty, but also covariance may play an
important role in error propagation.
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Derivation of Experimental Covariance

Cross section derived from parameter a,b,c,...: o'= o' (a,b,c,...)

If the cross section is expressed by the product of a, b, c, ....
(no correlation among a, b, c,...), its uncertainty and covariance are

2 2 2 2
Total uncertainty (%] =(%] +(Ab—qJ +(%J +... (partial uncertainty)
(%) ! ! ! |

: 2 2 2 2
;I;Stza)l covarlance V(7 :Va +Vb ‘|‘VC + ...(partial covariance)
0
(if no correlation among a, b, c, ...)
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Experimental Information on Uncertainty

*Set of partial covariances (PC)
Best information, rarely available

Set of partial uncertainties (PU)
Often available, Useful to guess PC and TC.

*Total covariance (TC)
Useful information, rarely available

*Total uncertainty (TU)
Always available, “better than nothing”
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Partial Uncertainties

« Often available from articles and authors.

* People reporting total uncertainties should be able to
provide its partial uncertainties.

* We can guess a partial covariance V, from partial uncertainties

Example of parameter a between two energy i and |

. Aa.
Va,ij zlﬁjca,ij —

a a,

=0 Uncorrelated (Short energy range correlation; SERC)
=1 Fully correlated (Long energy range correlation; LERC)
<1 In general (Medium energy range correlation; MERC)

C

a,ij
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Example of Partial Uncertainties

H - - JENDL-33
400 —-—BROND-2.2 ]
. —— ENDF/B-VII
RSN ——TALYS
\ « RI2000

A C. Sage, V. Semkova et al.,
' Phys. Rev. C81(2010)064604 (EXFOR 23114)

* present data

Cross section (mb)
8
~

Am(n,2n)°Am

L
0 22
Neutron energy (MeV)

TABLE VI. Uncertainties (in %) for the most significant contri-
butions in Eq. (1) at each neutron energy. Only the diagonal elements
are given. The full matrix for each component is not given here but
was used to obtain the correlation matrix in Table V.

Neutron oa; Sam Sai Iam 7Aa1 nam €a1/€am (fz fr)Am CCT:WAT
oy ' H luators guess
(MeV)  yncorrelated (c=0) _correlated(c=1?) ow can evaiu g

' the total covariance as the
834 19 50 1.0 12 0.1 03 3.0 0.9 ) ]
915 19 40 10 12 01 03 3.0 0.6 sum of partial covariances?
1333 16 25 1.0 12 0.1 03 3.0 0.4 0.3
16.1 2 21 1.0 12 0.1 03 3.0 0.6 0.3
1716 2 15 10 12 0.1 03 3.0 0.6 0.3 Aa. Aa.
179 22 13 07 12 01 03 30 07 03 \/ :Z Ll . J
1936 3.1 63 20 12 0.1 03 3.0 0.6 1.3 ij a,ij
1995 41 14 10 12 0.1 03 3.0 0.6 14 a a, aj

2061 54 57 16 12 0.1 03 3.0 0.6 1.4




Evaluation of Covariance from EXFOR

Full correlation
estimated by an evaluator
(c=1 assumed)

10 15 20
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Correlation by authors

15+ 15

10

T T T
10 15 20

Levels

o000 -
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TABLE V. The *'Am(n,2n)* Am cross sections obtained from this work, with their total uncertainties and the degree of

correlation between the different energy points.

Energy Oam Uncertainty Correlation
(MeV) (mb) (%) matrix (x 100)
8.34(15) 96.8 6.5 100
9.15(15) 162.9 5 35 100
13.33(15) 241.8 46 37 42 100
16.10(15) 1524 46 38 43 53 100
17.16 (3 116.1 44 40 45 57 58 100
17.90¢10) 105.7 44 41 45 57 59 84 100
19.36(15) 89.5 8.2 21 24 30 3 39 39 100
19.95(7) 102.1 58 30 34 44 45 58 59 51 100
20.61(4) 9 8.8 20 2 29 30 40 42 39 65 100

Correlation properties are important to construct

more realistic covariance.




ZVVView for Covariance Plot

http://www-nds.iaea.org/exfor/myplot.htm

Plot my data on Web

Uploading data for interactive plotting by Web-ZVView
by Vv.Zerkin, IAEA-NDS, 2009-2010

™ 1) zvo file: |

2n. |
I™ 2) zvD file: | _sn. |

™ +3) Array Y(X) [example]
™ 4 2) Array Y(x)
I +|5) Array Y(X)

2 -| 6) Matrix 2(X,Y) [example]

Xz i’sTs‘a | =] Graph Parameters
3.15
‘13.33 =
Y:(8.34 I
3.15
13,33
8 )|
Z: 100 =
34 =
100
a3 a3
100 ;i

| #| 7) Matrix Z(X,Y) [example]

I™ 4| 8) Matrix from ENDF/MF33 [example]

| :] S) Matrix from ENDF/MF33 [example] [example] [example]
| j 10) Matrix from ENDF/MF33: upload your local ENDF file

Set default plotting parameters:  y(x): CS DA DE DAE z(x,y): COV/SIG
+| Common Plotting Parameters

¥ submit in new Window

Very helpful to
plot plotting of
matrices

Welcome to Web-ZVView!
Title-example [
10 15 20
1 1 1
20 - s \J 20
~
]
o)
s
- 15 | F15
el
o
a
“
@
@
e
&
© Levels
1
8.9
8.8
10 - 10 7| 8.7
|| 8.6
8.5
| 8.1
7] 8.3

T T T
10 15 20
Incident Energy (el)

Log: Xv| x| ¥|in: xv| x| v|Aute-range: xv| x| ¥|Page: »»| <<[Zoom: <> »<|Grid: vi| o] v| 1] Print
_Reset| resm | [legend I Authors [ mnfo+ ViewdMap-z -] Stylefavtc =]  aD-Animates| M2
Data for plotting: ZVD (1Kb), send to ZWView; download ZWiew; upload and plot your ZVD file

Note. Zoom and other interactive plotting features were tested under Web-brovsers:
MS-Internat Explorer 5.5, Firafox 2.0, Safari, Opara 9.1, Netscapa v-7.2
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Partial Covariance for Renormalization

‘L vvvvvvvvvv
T = = JENDL-3.3
400 \ —-—BROND-2.2 7

% - ——ENDF/BVII
‘ ) - '\‘ ——TALYS
k,Am

a0l - \ = RI2000 |

o =o SAm [Igfz 1:rn(I)O]AI H
Am o A a [lefs £.n®0 ], 5 Cya

& ATH 2006
v LRL 2002

4  TUNL 2007

200 e present data

Cross section (mb)

2 2 2 2 100 ,’I S TR
Voam =Voal +Via +V +.0 L

Neutron energy (MeV)

- We should be able to renormalize the cross section when
a better 27Al(n,a) monitor reaction is available.

- Not only 23Am(n,2n) cross section, but its uncertainty and
covariance should be able to revise.

— Not only full covariance, but also partial covariance must
be available for future data renormalization.

(Sage gives partial covariances in his theesis!
Should be kept in EXFOR.)
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Details of Uncertainties than Covariances?

: F  Summary
(50 nea, =

) A oo oy - . . - - .

INDC International Nuclear Data Committee A complete description of the uncertainties of an experiment can only be realized by a
detailed list of all the uncertainty components, their value and a specification of existing
correlations between the data. Based on such information the covariance matrix can be
generated, which is necessary for any further proceeding with the experimental data. It

7 is not necessary, and not recommended, that an experimenter evaluates this covariance
matrix. The reason for this is that a incorrectly evaluated final covariance matrix can
never be corrected if the details are not given. (Such obviously wrong covariance matrices
have recently occasionally been found in the literature). Hence quotation of a covariance

... Detailed list of all the uncertainty components,
e their value and a specification of existing
correlations rather than the covariance matrix....

Wt Mt

My 2011

IAEA Nuctesr Data Secton. Vienna isternations Centre. A-1400 Viensa Austris

W. Mannhart, ... Alincorrectly evaluated final covariance matrix
A Small Guide to can never be corrected if the details are not
Generating Covariances :

of Experimental Data” given...

INDC(NDS)-0588, in print

We should be able to follow error propagation by authors.

Partial uncertainties and partial covariances are important!
¢ ALY




Requirement for Experimental Data Library

® We should be able to compile partial correlation properties (c=0,
=1, or = general matrix) with their partial uncertainties when they
are provided from experimentalists.

® It should be designed for computer programs which read full
correlation properties and construct covariance and renormalize
cross sections.

® Unnecessary complication (e.g., formalism for theoretically
interesting, but not experimentally available information) should
not be introduced.
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New ERR-ANALYS and COVARIANCE

ERR-ANALYS (ERR-T) Total uncertainty
(ERR-S) Total uncorrelated uncertainty
(MONIT-ERR, , ,P) Monitor uncertainty
(ERR-1,,,U) 1pt uncertainty (uncorrelated)
(ERR-2,,,F) 2M uncertainty (full-correlated)

COVARIANCE (EN,MEV) Number of matrix
8.34 9.15 13.33 16.11 .. columns are always
O ERRTLPR-CEND) equal to N1 of ENDDATA.
Partial matrix is given
2573 41180100 when c#0, 1.
28 43 53 100 F | Fully correlated (c=1)
' U | Uncorrelated (c=0)
(COR,MONIT-ERR,PER-CENT)
100 P | Partly correlated (c is coded)
43 100
. 0 0100 C | Correlated (details unknown)
° 5 0O 0 6 100
Well Donell No information on correlation
(Vladimir Poroynaev)
‘{ \
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Covariance in EXFOR Library

40 EXFOR entries giving matrices in free text.

1. Energy-energy correlation and only energy is the independent
variable (9)

2. Reaction-reaction correlation and the energy is a constant or
spectrum averaged (9)

3. Leq. coef. - Leqg. coef. (or angle-angle) correlation and no energy-
energy correlation considered (16)

4. Other coefficients correlation (e.g. resonance parameter, strength
function) (3)

|¢«’ ﬁ‘ ‘~x|



" Computer readable EXFOR covariance

(General)
x1 x2 x3

yl | y2 y3 COVARIANCE
x1 y1 100 90 80
x2 y2 90 100 90
x3 y3 80 90 100

Data structure:

- Grid (x, Y, ..
- Matrix elements

)

0
0 0

(x,UNIT)
X1,x2,%X3, ...
(y,UNIT)
yl,y2,y3,...

Grid definition

(COR,ERR-T,PER-CENT)
100
43 100
0 100
6 100

(COR,ERR-1,PER-CENT)

100
43 100
0 0 100
0 0 6 100




Coding sample: Energy-Energy correlation

Example: Energy-energy correlation of cross section for one reaction

COVARIANCE (EN,MEV)
8.34 9.15 13.33 16.1 17.16 17.9 19.36 19.95 20.61
(COR,ERR-T,PER-CENT)

100
35
37
38
40
41
21
30
20

(COR

100

43

100
42
43
45
45
24
34
22

1

00
53
57
57
30
44
29

100
58
59
31
45
30

,MONIT-ERR,PER-CENT)

100

[eNeoNoNoNoNoNe]

100

6 100

9
11
11
11
11

12
12
11
11
11

100
100
40
40
40

,ERR-2,PER-CENT)

100
100
100

[eNoNoNoNe]

100

100 100

[eNoNoNoNe]

0]
0
0]
0]
0

100

100

100
84
39
58
40

100
40
40
40

100

100

100
39
59
42

100
100
100

100
0
0

100
51 1
39

100
100 100

100
0 100

00
65

100

} Grid definition (energy)
X

> Total correlation

U

e Correlation due to monitor

> Correlation due to sample




Coding sample: Reac.-Reac. correlation

Example: Reaction-reaction correlation of cross section for one energy

Table 4, The correlation matnx for the fission cross section ratios

Error .
No. Ratio (%) | 2 3 4 5 6 7 ] 9

Ty % B T ow J.W.Meadows et al.,
3 mymy 1] 0.7 § 48
o~ S - Ei 10 w Ann. Nucl.Energ.15(1988)421
6 MuMy 0.587 1.1 68 58 L] 73 100
ok MR 2 3 %583 % W (EXFOR 13134)
9 MpyMy 0.967 1.0 42 40 37 44 43 39 37 35 100
COVARIANCE (SUBELTT) 2 efements } Grid definition (Subentry #)
(EN,MEV) 9 elements . T
14.74 14.74 14.74 14.74 14.74 14.74 14.74 14.74 14.74} Grid definition (Energy)
(COR,ERR-T,PER-CENT) 45 elements \
100
57 100

58 48 100

69 60 62 100 .
71 59 64 78 100 ' Total correlation
68 58 58 73 73 100

53 51 41 53 53 56 100

52 43 50 59 62 59 36 100

42 40 37 44 43 39 37 35 100

2 independent variables to define each grid:
Subentry # , Incident energy
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Coding sample: Leg.-Leg. correlation

Example: Leg.coef.-Leg.coef. correlation

D.Schmidt et al., PTB-N-55(2007) (EXFOR 22973): °Be(n,el)°Be at 4 energies

g_g = %{H;a, (21 +1)P, (cose)}

COVARIANCE (SUBENT) 9 elements . T
A A FGrid definition (Subentry #)
(EN,MEV) 9 elements . T
7.10 7.10 7,10 8.09 8.09 8.09 9.09 9.09 9.09 9.97 9.97 9.97 Grld def|n|t|0n (Energy)
,NO- | Li d der. h d). . . g
(gUhlﬂBgRoNtl)glg)lgze ements of Legendre order.(0th to 2nd) Grld deflnltlon (Leg Order,SZ)
(COR,ERR-T,PER-CENT) 45 elements
100
12 100 7.1 MeV
5 80 100
0 0 0 100 809 MeV
0 0 0 13 100
6 o0 0 7 82100 Total correlation
0 0 0 0 0 0 100 9.09 MeV N I . b
0O 0 0 0 0 0 13100 (No correlation between
0 0 0 0 0 0 6 81 100 energies)
0 0 0 0 0 0 0 0 0 100
o 0o 0o 0o 0 0 0 0 0 141003997 MeV
0 0 0 0 0 0 0 0 0 8 84 100

3 independent variables to define each grid:
Subentry #, incident energy, Leg. order




New Publication (as a response to TM)

u ﬁ IAEA . e D Covarlances of Experimental Data
A A AmicE 3
D.1  Linear Function of Data

The firstexample is taken from length measuring kechnique. An experimenier, a “MrA”,
has to determéne two markings on a length scale of distances from a fied zero point, x;
=135 mm and x; = 60 mm (see Fig. 1). For this experiment he uses three pauge biocks of

INDC International Nuclear Data Committee

Figure 1:
L}
A Small Guide to Generating Covariances LIl
of Experimental Data "—'l
0 b $8 (] —=

defined length and with well known vanances:

Gauge block Length  Sed Dev. Variance
[mm] [ gm] [ um’)
[ = R Ul Var(l))=000s (D-1)
h = 15 003  Var()=0.0009
[} - 10 002  Var(3)=0.0004

The first marking & obtained by using the gauge block /; and subtracting the length i,
while the second marking is eached by adding to ) the length of 13, Le.:

Wt Marrnant xn=h~h 5
xamiy b @2

By using the uncertainty propagation rales:

2
Wy 218 Var(x) = Var(l;) + Var(h) = 0.0034 O
Var(x:) = Var(l;) + Var(h) = 0.0029
“Mr A" states his final esult as
LAEA Nuoclear Data 3eotion. Vienna international Centre, A-1400 Vienna, Auctria Sud Dev.
x;=35mm 0.058 gm D-4)

x2=60mm 0054 um

“A small guide to generating covariances of experimental data”
by Wolf Mannhart (PTB). INDC(NDS)-0588 (in press), 50 pages.
Send me an e-mail if you need a hard copy. Good for students!

7 K\




Summary

® EXFOR should be able to accumulate details of experimental
uncertainty information from authors. (See recom. from TM)

® Not only total uncertainty and total covariance, but also partial
uncertainties and partial covariances should be kept when available.

® The new format should be readable for computer programs
(construction of full covariance and renormalization of existing data etc.).

® Unnecessary complication should be excluded. But we should
remember key information available experimentalists must be kept.

® More specific (more computer oriented) format may be designed by
programmers. (output format, e.g., X4+, C4).

® Some proposals based on real EXFOR entries were presented.
Revision of EXFOR Formats and LEXFOR entry is urged by users.

((.L’
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