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How to compare correctly results of
calculations obtained using different nuclear
models ?

Distribution of experimental points (1) (Z,A,E)

Distribution of calculated values o,.(I) (Z,A,E)

Is the difference between distributions
statistically significant?
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Null hypothesis H, : distribution functions are identical
Alternative hypothesis H,: H, does not hold

Normal distribution: t-test (Student’s), Fisher test etc
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Deviation of results of calculations from measured data.
The type of the distribution.

Examples

Measured data: cross-sections

reactions: (p,x)

targets : Z from 12 to 83

proton incident energy : from 20 to 150 MeV
Total number of (Z,A,Ep) points : 9452
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Calculations: Bertini / MPM / Dresner

Tests of goodness of fit
Chi-squared goodness-of-fit test

Shapiro-Wilk test for normality

Search for normal or lognormal distribution

Universitat Karlsruhe (TH)
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Solution: use of nonparametric tests

No certain assumptions about distributions

Wilcoxon Mann-Whitney test for comparing two populations

Null hypothesis: two populations have identical distribution
functions
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Use of Wilcoxon Mann-Whitney or Mann—\Whitney test

|. The comparison of measured data and results of
calculations using a certain code

ll. The comparison of difference between measured data
and results of calculations using various codes

Answer the question: is the difference between two codes statistically
significant ?

Universitit Karlsruhe (TH)
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Deviation factors

1 N ngp . cy_calc
. H=|= | |
N le Ac;™

Model “deficiency”

H H
CH T calc exp
H H(0.1<c"" /o™ <10)
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Example

(p,X) reaction cross-sections from EXFOR
targets Z from 12 to 83

proton incident energy : from 20 to 150 MeV
total number of (Z,A,E,) points ~ 9500

Factors Bertin/MPM/ CEMO3 TALYS
Dresner
H 49.8 28.0 14.2
p 15.7 17.7 10.4
c, 3.2 1.6 1.4

Universitét Karlsruhe (TH)
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N calc
.  RCE = lz Oi

N4z o™
and
N exp
REC _ 1 Z O;
N — Gi(:alc
Example
Factors Bertin/MPM/ CEMO3 TALYS
Dresner

RCE 1.3 1.3 1.1
REC 5.2 82. 3.8
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N exp calc
. peE :12 G —O;
exp
and
N exp calc
DEC _ iz cSi T c5|
N calc
i=1 o)
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I\VV. Deviation factors proposed by R.Michel

Variants
R.Michel et al, NIMB129 (1997) 153

n, T
1
= Jzuuﬂgup.l] - IﬂEI:-E:I:a,J]]i

(Fy=10"

International Codes and Model Intercomparison for Intermediate
Energy Activation Yields,” NSC/DOC(97)-1 (Jan. 1997)

<F>=10. ** SQRT(<(10% e - 10g Gipec) )

<(10ZCurp - 108 Oied) ™ = T (108 Gy - 108 Giieo )™/ NS
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1 3 llog(6™®)-log(c™") |

F =10N=
and }/
2
( z[log«sexp) Iog(aca"’)]zj
<F>=10W
(symbols from NIMB129 (1997) 153)
Example
Factors Be[r)“rgi';]/';'v'/ CEMO3 TALYS
F 0.72 0.83 0.87
<F> 3.17 3.15 2.21
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Model “deficiency”

<F> <F>
CF = I = calc ex
<F>" <F>(0.1<6{" /0" <10)
Example
Factors Beg:g'éw;'w CEMO3 TALYS
<F> 3.17 3.15 2.21
<F>’ 2.11 1.96 1.78
C, 1.5 1.6 1.2

Forschungszentrum Karlsruhe Universitét Karlsruhe (TH)
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V. Modified F factor including experimental errors

D.Smith, private communication, 2007
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2\
g[lg(csfxp)—lg(ofa“) Zg s 17|
i=1 (Aciex'o /GieXp) i=1 ( AgieXp ’
S=10
c _S_ S
F~ ~y
S S(0.1<6%" /6 < 10)
Example
Factors Beg'rgg'x';w CEMO3 TALYS
S 1.83 1.63 1.31
S’ 1.76 1.52 1.288
Cs 1.04 1.07 1.02
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VI. H.Leeb et al. Santa Fe (2004)

B 2 > 5 -1/2
N calc calc  _exp N calc
= 2 ) o) 2
exp calc exp
=) AG o} = \ Ao,
Example
Factor Bertini/MPM/ CEMO3 TALYS
Dresner
L 0.875 0.534 0.343
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VII.

. 0.77< 67/ <1.3

Pi3a=Nys/N, N5

P,o =N, /N, N, : 0.50< 6™ <20

Pioo=Nygo/N, Nyo: 01< 67 /c™ <10.0

10.0 10.0/

N can be total number of experimental points or points available
for each set of the calculation
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Example
Factors Beg;gzweF;M/ CEMO3 TALYS
P, . 0.35 0.35 0.44
P, 0.68 0.70 0.82
B 0.94 0.95 0.98
10.0

Universitét Karlsruhe (TH)
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Number of points available in one set of model
calculations

Ncalc(m) < Nexp

Factors:
H, RCE DCE L: gica'c — 0 can be included

REC DEC <F> S: not

It Is reasonable to exclude zeroes from the
consideration and calculate values for all factors with
the same number of points N_,.(m)
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Relative number of available points as an additional
characteristics of calculations

Example

(p,x) reaction cross-sections from EXFOR
targets Z from 12 to 83
proton incident energy : from 0 to 150 MeV

Bertini/MPM/ CEMO3 TALYS
Dresner
Nealc 16139 15162 19021
NcaIC/Nexp 0.85 w 1.00

Universitét Karlsruhe (TH)
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Number of points N_,.(m) and deviation factors

The difference in N_,.(m) can be important for the
comparison of models of different “quality”

Example

Individual N_,,.(m) Points available in all calculations

Factors gggnngr CEMO3 | TALYS | | Factors Sre;;inn;/r CEMO3 | TALYS
H 70.0 35.3 14.0 H 11.9 14.6 7.1
R 153 1.54 1.16 R 111 1.34 1.06
<F> 276 2.60 2.59 <F> 2.41 2.23 221
N.. | 4006 | 4008 3975 N 3869 3869 3869

(p,X) reactions, Z=12-83, Ep:50-150 MeV
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Deviation factors

H, RCE, REC, DCE, DEC, F, <F>, S, L

I:)x1 Ncalc/Nexp’ CH1 CF’ CS

Two types of the comparison:
a) with individual N_;;.(m)

b) with reduced number of points available in all sets of
calculations
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“Badness” of the model

The conclusion about the predictive power

B - H <F>_
Href < F >ref
or
Bm — Hm Sm
Href Sref

In the case of small Ngy/Ne,, values: B, (Ngae/Neyp)™

calc' ' Yexp

Choice of “reference values”: best result or averaged value
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Example
Factors | erUMMPMI - cepviog TALYS
Dresner
H 49.8 28.0 14.2
D 0.85 0.73 0.53
RCE 1.32 1.31 1.15
<F> 3.17 3.15 2.21
Neaie/Nexp 1.00 0.98 1.00
B 5.0 2.8 1.0
(p,x) reactions, Z=12-83, E,=20-150 MeV
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Visualization

Example
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Conclusion

For the comparison of various sets of calculations
with measured data can be used deviation factors:

H, RCE, REC, DCE DEC F, <F>, S, L,
values

Py Ncalc/Nexp’ Ch Cr Cs

product of factors

B=H<F>/(H,<F>) or HS /(H s S,s)

The promising ones: S —factor, B

Universitét Karlsruhe (TH)
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Mann-Whitney test

AT
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Is the difference between two set of calculations statistically significant ?

Factors ISABEL/MPM/ ISABEL/MPM/
Dresner ABLA

H 43.4 47.1

D 0.89 1.19

R 1.36 1.80

F 3.56 3.15

L 0.72 0.73
P, 0.30 0.29
P, 0.63 0.59
Pioo 0.93 0.95
Neaic/Nexp 0.99 0.99

(p,X) reactions, Z=12-83, E,=20-150 MeV
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