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Covariance has been proposed to evaluate the quality of nuclear
data since 1970’s;

In principle, the REAL value of physics observables should not
beyond the uncertainty boundary centering around the
recommended nuclear data. (Personally, this is not easy to satisfy
cause REAL value is hard to be generated rigorously except MEAN

value)
‘REAL value ~ |[*Feln,2n)Fe
~ " 1950'5-1970%
1978-T.B|Ryves
‘MEAN’ value §-f > -

Cross section (b)

I 0.05f

Limited by current
understandings of nucS!GeAEE_ k o ==+ ——32001-H.Sakane
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Our main purpose to evaluate COV 1s to ‘honestly’ propagate
any related uncertainty in nuclear data recommendation process to
COV in a scientific way, but not only the purpose to including
REAL values within the boundary.

Nuclear Data Measurement Nuclear Model calculation

® Neutron flux ® Diversified theories
® Detectors ® Theoretical parameters
® Data of Monitor . . ® C(Calculated chi2

Evaluation of Exps. % Others

® Data filter ® Deviation from REAL

® Data correction ® Neglected uncertainty
® Data normalization
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Deterministic approach: Data recommendation together with COV

Scarce of

-~ —exp. dat

Experimental data collection
EXFOR, NSR, Searching engine...

Non-mode Plenty of
{} exp. data

dependent
evaluatign

Experimental data selection,
correction, normalization

Generalized LS

Model parameters determination
for structure or fission nuclei
(UNE FUNE DWUCK, ECIS)

S

Sensitivity calculation for reactions
(SEMAW)

N -

Covariance of model parameters

(COVAC, Least Square methodology)

o

Covariance of reactions C.S.

Evaluation and processing
for exp. Data with individual COV
(SPCC, CURVEFIT...)

COV evaluation of Exp.
uncertainty and correlation
(ASEU, ENDFCOV)

COVAC, linear error propagatio

Optical model
Direct reaction
Compound nucl.
~ 40 parameters

NjOY
Processing
&S/U
analysis

Correlations among single (or multiple) set(s) of experimental data are vital elements

to get an ‘honest’ covariance. But it is almost inaccessible in the real evaluation.
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The scheme of general LS

TESE: C=C,

JETE A, Y= T It is expected to see the decreased
uncertainties with the increased
)= O im Lo experimental data involved in LS.
L afix-é-ﬂ{flr--ﬁ But an unexpected low uncertainties
e il is always derived due to the

unrealistic (or absent) correlation
information for the off-diagonal

T=ORAC elements in Wy.

AT =(F Y F) F oy (r— )

V.= (F WP (BHHFTE)
— i = ¥y + FC (FHH)
V,=FV.F (2HREWHT D

ﬁﬁﬁﬁﬁﬂ _,.'"=].,,.?.‘?‘I Yes
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Covariance of uncertainties in measurement

Analysis of the sources of experimental uncertainties (ASEU)

Physics quantity y is derived based on N sets of experimental observables X

following function F: » The experimental observables are independent of
y=f(x.%. . Xy) each other.

Taylor expansion around <X>, and the high order items are ignored:

_ 1 X 9f
x—(x))+— %
X =) 2! '—‘-(d\r)\

y= (( ) )|| lX{Ar_<AJ)}(!-’_(\J)]+

Tl‘r/\

_ N of .
y= f[(,\'))+2(i_]|,,,‘.,X(X,—(X;})
=1 “%

Covariance is derived based on the uncertainties of diversified experimental
observables X, which the experimental uncertainty sources.

o’ (y) = Z —} | . (ﬁi” . Cov(x,.x,) Cov(y,. ‘ la

é. (Jf

= S P,-_,-uﬁ.""l,-i_".t
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Experimental Scheme of Activation

Input Take out Measure Stop
Sample layers Sample selected y-ray measurement
i— Irradiation —>|7 Cooling 4>|-7 Measurement 4,‘
1 > Time
0 t, t, t,
T = Al Observables in activati
= 3N, n®SDLK servables In activation measurement:

A: Decay constant
A: Atomic weights for sample

F: Correction factor in total y
activation

C: Counts of full energy peak
M: Mass of sample

n: isotope abundance in sample

®: neutron flux

S: Saturation factor

e: Efficiency of detector

Iy: Full energy peak efficiency

K: Fluctuation factor of neutron flux
D — e—ﬂ(tl_to) _ e—ﬂ(tz_to)
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39 sets of experimental data measured with activation

E EXFOR&' = H\_i. . ) ?*JE'J
2, o AR HE- e (MeV)o | 20 | INSTITUTES| W&~ | PF\- N FRilEE- EONITOR-
.y H/Ee ¥ Wakie
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30 10477009- | 19757 R.A.Siggte 1.48e7~— 1e 1USAARE - CCRe D-T« ACTIVe — 13-AL-27(N.A)11-NA-24_SIG-
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11| 20033010~ E o 1.47e7~ 20 =l | Lk~ | Lk~ Al L« | Lk~ | Lk~
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15| 21807003 | - o 1.3de7-148¢7| 17| R.te AL At- | Ate | FE- F.L-
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N0Zr(n, 2n)33Zr ‘ Mainly supported by Hanlin Lu(CNDC) \

To an extend, ASEU is trying to express the current skill level of experiment.

. Uncertainties of .
Observables in measurement %07r(n 211) 597 Correlations
r(n,2n) *°Zr (averaged
Error source 12-20MeV | 13.5-15MeV value)

Statistics Count 4.0-0.6% 0.3-0.6% 0.0

® Differential C.S. T(d,n)*He
® Background correction from 3-1% 1% 0.3
Neutron flux D-D and other nuclei 1% 0.5% 1.0
® correction for neutron 1.5-0.6% 0.5% 0.0

scattering

® Sample weighting 0.5% Same 1.0
Sample ® |sotopic abundance 0.2% Same 1.0
® vy self-absorption 0.5% Same 1.0

Monitor err. Cross section error of
. 4-2% 1.3-0. 5% 0.6

27Al(n,0.)**Na Monitor
Detector err. Efficiency of detector 2% Same 1.0
Activation Decay data 1% Same 1.0
others Time of irradiation 0.1% Same 1.0
2017-05-16 SG44-Kick-off Meeting on Investigation of Covariance Data 11/19
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Model dependent COV

Para. Estimation by Bayesian statistics

N O el
Para. COV Lkl <px>) (Pq~ <Pg>)> . ANC=(FV7FYIFT (T -Tp)
= [ (px-<px>) (Pg- <P>) P (P’ 1 2)dp P, = (FT7 )

p(pD) = Cexp{(-1/2)[y-£(p)]*Vy~*[y-£(p)]} Y = FAC+Y,

p(piD) = Cexp{(-1/2) [y-£(p)]*Vy~*[y-£(p)]1}Pa(p) Vy=FV,F'

Pep) . ERERR e

ly-£(p)]*Vy-t[y-f(p)] = minimum

p(p!D) = Cexp{(-1/2)[y-£(p)]*Vy-![y-£(p)] Central issues:
+ (-1/2)(p-pa)*Va-1 (p-pa)}. Sensitivity (F)
Exp. COV(V,)

[y-£(p)]*Vy-1[y-f(p)] + (P-Pa)*Va ! (P-Pa) = minimum

2017-05-16 SG44-Kick-off Meeting on Investigation of Covariance Data
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Sensitivity of para. for 43Ti(n,p)*3Sc
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n+%Ti Correlated coefficient matrix

30 - 'lr D rmed o
Para. -0.5000
-0.2500
25
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E 20 — i ] Dvsnn
Q. == e : |:| 5750
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) — &
= g
5
5 10 15 20 25 30
Model Para.
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Summary %

The current covariance scheme is utilized in the evaluation of COV for
structure nuclei and fission nuclei for CENDL.

Correlation is one of the most important components in the LS
approach to experimental data evaluation. It is really impossible to
‘honestly’ derive all correlations between adopted multiple sets of .
The fact promotes us to find a compensate way in nuclear data
evaluation.

Besides LS approach, thoroughly analyze the sources of experimental
uncertainties (ASEU) is helpful to provide an auxiliary way to
construct covariance directly from adopted experimental data. It
derives a covariance to express the current level of ability in
experiments comprehensively, which is more acceptable by
Experimental Physicist, Roberto recommends to use this
Experimental covariance as the prior input of LS.

We are discussing the nonlinear impact on the COV of the model-dependent

Cﬂ%eog%ce ntly SG44-Kick-off Meeting on Investigation of Covariance Data
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 This covariance is directly produced from experimental observable
uncertainties in Table above but not LS.

39 set of experimental data, which are used in cross section fitting by LS, are
adopted in the separated covariance evaluation.

* The linear energy dependence is taken both for uncertainty and correlation.

Correlated uncertainty will be decreased in future regarding multi-sets of data
are available at same energy region.
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0Zr(n,2n)%zr
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ASEU for °%Zr(n,2n)3%Zr:

O 00 N o U B W N =

Experiment conditions in
ASEE interests

Time

Energy region

Num. of reported Energies
Institute

Accelerator

Neutron source

Method

Detector

Monitor cross sections

i L L L L L s s s
10 12 14 16 18 20 22 24 26 28 30

L g T
Y Decay 7841h
: - L
RS 8%2Zr
] =%, 40
hb,%e' Qq.=26323
n.1zpswm' ci_*-_d’\c{“ :9 262204 0703% 62
0,08 ps T2F_—| J7—o—~_2029.67 J0.070% 7.8
¢ 3 T
0.53 ps 2 Al 174457 _0.128% 917
%z (n,2n) ;-?
16.06 522 = 908.96 oo oooe% 62
Purple curve: ENDFB71 |
red = black : JENDL4,CENDL3.1 stable 12 9
39Y
39

Energy (MeV)

E., = 12.1MeV, relative higher, easy avoid the
influence from neutrons at low energies;

T/, of 89Zr = 78hour, sample is easy to
be irradiated, cooled and detected;

Few cascading in %Y decay, better to be
detected.

39 measurements are available in EXFOR

Activation measurement is adopted for all experiments.

Most of y energies are selected as 909keV from 8%Y



