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* Definitions
* Importance of Covariance Matrix

e How to store the matrix
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Mean

Variance

Covariance

Correlation

o7 =((x=1,)°) = cov(x,x)

cov(X, y) = ((X— )y~ 11,))

cov(X,Y)

o, 0,

p(X,y) =

-1I
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k
Linear function f(x;)= > aj X
i=1
k
Mean e =(f(xi) = Xaj u
i=1

Variance oy =<(f(>§)—ﬂf )2>=ZZ a a; cov(Xx,X;)
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. of
Taylor expansion 1‘(xi);f(ui)+za7 (Xj — i)

i i
(15t order) " of
f(Xi)%f(Hi)Jngi(Xi—ui) g :87
[ [ m

Mean He = <f(Xi)> = f(u;)

Variance o2 =<(f(>g)—yf )2>;ZZ g; 9; cov(x,X;)
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A 5fi
Linear function F(X) = AX Aik = Xy,
Mean He = A p,
V.o AV AT v :(cov(xl,xl) cov(xl,xz)j
Variance —r ==X = ©cov(X,, %) Cov(X,,X,)
. . - - - - 8f
Non-linear function f(x);f(ux)+gx(x_ux) Ok = 6
(1st order Taylor) Xy
_ _ sensitivity matrix
Mean T= f(“ ) design matrix

V. =G, V, G,

—I — =X —X =X

Variance
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Experiment
Independent observables . (\,t0,)  (Y,%0,)
Common background component: (b +o,)
Data reduction:z=y—-Db
2 2
Average of (y,, ¥,) <y>=21 ;yz 62, = Y chl
2 G)2/1 + 651 2
<z>=<y>-b O =74 +o,

Background subtraction
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Z +Z
vV,Y,,b) — (z,z,)=(y,-b,y, -b) - <z>= %
Gf,l 0
uncertainties on y, and y, not correlated ; V, = 0 )
e.g. due to counting statistics Oy,

uncertainty on background ; V. =c;
(b not correlated with y, and y,)

(z,z,) = <z>
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Yy Y2y b) = (2,,2,) =(y, -b,y, -b)
- | - o, 0
uncorrelated uncertainties due to counting statistics : V, = )

uncertainty on background (b not correlated with y, and y,): V., = o

c: 0 01f |
1 0 -1]| ™ 10 65 +0; o
MZ ju— O 652 O O 1 — ’ 2 2 2
0O 1 -1 0 0 o1 -1 G, c, +0,
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2 2
. o, +O0
Full covariance G2 =N Y 52
<z> 4 b
2 2 2
. ol +o
Only diagonal terms g2 —_% " % . %

— Covariance matrix contains information about experiment and data reduction
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Ac/e vs. E for 233U(1'1;.’1()

e Linear Axes:
20+ Rel. Std. Dev. (%)
15
10 Logarithmic Axes:
5= (eV

-y Energy (eV)

(ELE S

(E‘u)ﬂggz I0] 7 "SA 0/0V

Correllation Matrix

11471
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Covariance Files in
Evaluated Data Files

Produced:
During evaluation from data

Retrospective (model)

L.C. Leal et al., Nucl. Data Sheets 109, 2868 (2008)
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206Ph + n
T ~-1 -1 RETROSPECTIVE
CO — (De CY’exp De)
GELINA (transmission + capture) + ORELA (transmission) Rochman and Koning
Borella et al. PRC 76 (2007) 014605 and Horen et al. PRC 20 (1979) 478 NIM A589 (2008) 85
Er gl / eV gl / eV gl /Tt / eV pT, T) p(Th, T)
3.36 0.570 = 0.004 0.146 = 0.001 0.116 + 0.001 -0.15 - 0.16
42.07 1.966 + 0.163 1.171 +£0.082 0.734 +£0.014 - 0.92 - 0.51
66.00 82.210+0.414 1.398 £0.018 1.375+£0.017 0.03 - 0.00
92.61 32.0x+4.0 1.503 £0.017 1.436 £0.016 -0.10 -0.77
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1.0 g — Crexp: ONly uncorrelated uncertainties
i due to counting statistics
0.8
0.6 I = ( 15.06 = 0.08) meV
' —
0.4 L, = (121.7 £1.3 )meV
0.2 . 1, /10 um 7 pil. . [1) — 0B85
[ —— TMREFIT 1
OO 1 N 1 N 1 N 1
1.0},
081 T, = ( 14.66 + 0.30) meV
0.6
04. . L, = (124.8 +=3.7 ) meV
. 2- ptl ., FY) = -0.96
[ Texo 50 um
X TMREFIT 1
OO 1 N 1 2 NAuh N 1 N
40 45 50 55 6.0
RSA by REFIT

Neutron Energy / eV
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— Ve L=30m] Cy exp: ONly uncorrelated uncertainties
— YmRerIT ] due to counting statistics
10™
o I = ( 15.31£0.12) meV
(8]
> — .
102§ I = (118.0 £1.4 )meV
“ pll,. 1) = <050
107"
107 ]
[ :ii/)I(pREFIT L=12 m
10"k I = ( 15.26 £ 0.15) meV
2 1 o = (118.9 +1.2 )meV
10 Bl s
10-3 . ) . ) . )
4.0 4.5 5.0 5.5 RSA by REFIT

Neutron Energy / eV
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: 4.9 eV resonance for ¥’Au+n (3/3)

C, exp: ONly uncorrelated uncertainties due to counting statistics
Measurements 'y / meV I,/ meV p(In, Iy)

T1 15.06 + 0.08 121.7+1.3 0.55

T2 14.66 + 0.30 124.8 + 3.7 - 0.96

C1 15.31+0.12 118.0+ 1.4 - 0.50

C2 15.26 + 0.15 118.9+ 1.2 -0.63

T1+C1 15.14 + 0.07 120.0+ 1.0 0.06

T1+C2 15.10 + 0.07 120.2+0.9 -0.29

T1+T2+Cl+C2  15.14+0.06 119.8+0.7 -0.47
[d-number Measurement  Distance Angle Target thickness

(flight path — moderator)

T1

T2

C1

Cc2

Transmission

Transmission

Capture

Capture

50 m

50m

30m

12 m

90
90
OO

18°

10 um
50 um
5 pum

5 pum
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thickness | sampletype | flight path c
(at/b) length ﬁg
1.40 104 solution 25 m g
1.36 10* foil 25m
: B
2.24 104 foil 25 m =
@ .
0.1 0.2 0.3 0.4
anargy [&%]
Only uncorrelated uncertainties Full Covariance Matrix
Param eter p/meV p(Pi,pj) Parameter p/ meV p(Pi,pj)
Er 1787 + 01 100 0.43 0.79 Er 1787 + 01 100 053 0.28
Tn 0.640 + 0.001 1.00 0.43 Tn 0.640 + 0.004 1.00 0.25
I, 1135 + 0.2 1.00 T, 1135 + 0.2 1.00

Kopecky et al., NIMB accepted
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Z,=F(a;, Yy) Z,,Y, :dimensionn
07 zY (o2 oz ) a, : dimension k;
S EICIREANES
*\oa, ) T\ oa, oY, oY,
Va, covariance matrix Vy, only diagonal terms : Dy, = Vy,
(symmetric & positive definite)
Vall = Lal LalT (Cholesky decomposition) 0Z, only diagonal terms
v oz oz,
S N aZl L DZl ) [—1JDY1 (—1j
al 831 a 8Yl LfaYl

2
S%y1u

V, =S, S, +D,
—~

dimension: n x k; n values (diagonal)
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Z,7Z, Z, :dimensionn

Z=F(b,Z,Z2) b :dimensionk,
V=L, LT VZl : Sal SalT + DZl VZZ : Sa2 SaZT + DZZ
s :(@_ZJL dim S, =nxk dim S, =nxk,
b=\ ) P

T T
sz(azjvb (azj ez v, Z N v,
b db oz,) ~\az, oz,) *

vz/s
dimension: n X k

k =k, +k, +Kk n values (diagonal)
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Conditions :
(1) Data reduction starts from spectra subject only to uncorrelated uncertainties
(2) Additional computations using parameters with well defined covariance matrix

(3) Channel —channel operations (+, -, x, +) and log, exp, ...

Uncertainty propagation results in:

V,=S,S,' +D,
/

correlated part uncorrelated part
dimension: n x k diagonal : n values

n : length of vector Z
k : number of common sources of uncertainties
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x Spectrum | r— Storage
= Tag
= : :
<1 Matiy Covariance matrix
T Tag n? elements (e.g. 32k x 8 bytes 2> 8Gb))
AGS representation
T‘E n (k+1) elements (32k, 20 corr. - 5 Mb)
-
=
.. o
A
2 3
g
=
X Z D, S,
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e Covariance Matrix are required evaluated data files
— Try to produce them from experimental data

* Requires:
— Covariance Matrix from exp. Data
— Good description of experimental data

e Toreduce storage space
— Cholesky decomposition and uncorrelated uncertainties
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