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The major evaluated librariespredit measured ritialitybenhmarks extremely well !
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Compensating errors B. MorillonMCNP5
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+ 235,238U JENDL4 BUTThese good agreementsare ertainly due toompensating errors
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nested models
Optial Model ↔ σtot, σSE, σDI , σR et T Jπ

l,j
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nested models
Optial Model ↔ σtot, σSE, σDI , σR et T Jπ

l,j

Statistial Model ↔ σn,γ, σn,f , σn,xn, · · ·+ P.E. (σR = σCN + σPE + σDI)
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Statistial Model ↔ σn,γ, σn,f , σn,xn, · · ·+ P.E. (σR = σCN + σPE + σDI)good Opt. Pot. ≡ good tank σR and also T
Jπ
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nested models
Optial Model ↔ σtot, σSE, σDI , σR et T Jπ

l,j

Statistial Model ↔ σn,γ, σn,f , σn,xn, · · ·+ P.E. (σR = σCN + σPE + σDI)good Opt. Pot. ≡ good tank σR and also T
Jπ

l,j

But !Are we sure to use the "best" oupling sheme?
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OMP - CCC ↔ whih oupling sheme ?
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BE CAREFUL with oupling sheme
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CCC : oupling sheme e�ets on statistial modelaulations Cross Setions behaviour
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CCC : oupling sheme e�ets on statistial modelaulations Transmission Coe�ients used
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CCC : optial potentiel e�ets on statistial modelaulations Cross Setions behaviour
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CCC : optial potentiel e�ets on statistial modelaulations Cross Setions behaviour
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CCC : oupling sheme e�ets on statistial modelaulations
One Optial Potentieland oupling shemeadopted ...
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235
U σn,f : standard ross setion
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For energies E < Ethreshold
(n,2n) , we an write :

σR = σCE + σn,n′ + σn,γ + σn,fand �nally :
σR − σCE = σn,n′ + σn,γ + σn,f = σnon−elas

⇐⇒ 1 =
σ

n,n′

σR−σCE
+

σn,γ
σR−σCE

+
σn,f

σR−σCE

1 =
σ

n,n′

σnon−elas
+

σn,γ
σnon−elas

+
σn,f

σnon−elasBy de�ning a probability for eah non-elasti proess ouring in this energy range :
1 = P

non−elas

n,n′
+ P non−elas

n,γ + P
non−elas
n,fAnd these probabilities an be diretly dedued from evaluated �les :

σnon−elas = MF3MT4 + MF3MT102 + MF3MT18

1 =
MF3MT4

σnon−elas
+

MF3MT102
σnon−elas

+
MF3MT18
σnon−elasB. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Dalitz plot
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Fig.: Dalitz plot of non-elasti proesses inthe energy range 1 keV < E < Ethreshold
(n,2n)

For these three open hannels a Dalitz plot an be used.Indeed for an equilateral triangle ABC

(AB = AC = BC) with height h, eah point M insidethis triangle satis�es the following property :
MH + MK + ML = hwhere H, K, L are the M orthogonal projetions on eahside [AC], [BC] et [AB] respetivly. When assuming :

MH = P
non−elas
n,f

, ML = P non−elas
n,γ , MK = P

non−elas

n,n′

MH + MK + ML = P
non−elas

n,n′
+ P non−elas

n,γ + P
non−

n,fThen eah set
(E, σn,n′ , σn,γ , σn,f ) = (E, MF3MT4, MF3MT102 , MF3of an evaluated �le an be represented by a orrespondingpoint M inside an equilateral triangle ABC

(AB = AC = BC) with unitary height (h = 1). And�nally an evaluated �le will display a path inside thisequilateral triangle.B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Dalitz plot of non-elasti proesses probabilities on the
1 keV < E < E

seuil
(n,2n) energy range
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Dalitz plot of non-elasti proesses probabilities on the
1 keV < E < E

seuil
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Pf (TALY S1.4) < Pf (BV II)whereas
σf (TALY S1.4) > σf (BV II)in the 50 < E < 100 keV energy range ! But as shown
Pγ(TALY S1.4) > Pγ(BV II)and

σnon−el(TALY S1.4) > σnon−el(BV II)seek :
σγ(TALY S1.4)B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Neutron Capture Cross SetionJandel et al. 2012

10
-3

10
-2

10
-1

1

10
-3

10
-2

10
-1

1 10

σn,γ

Neutron Energy (MeV)

C
ro

ss
 S

ec
ti

on
 (

b)

n + 235U

ENDF/B-VII
JENDL4.0

TALYS1.4

10
-3

10
-2

10
-1

1

10
-3

10
-2

10
-1

1 10

σn,γ

Neutron Energy (MeV)

C
ro

ss
 S

ec
ti

on
 (

b)

n + 235U

TALYS1.4

B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Neutron Capture Cross SetionJandel et al. 2012

10
-3

10
-2

10
-1

1

10
-3

10
-2

10
-1

1 10

σn,γ

Neutron Energy (MeV)

C
ro

ss
 S

ec
ti

on
 (

b)

n + 235U

ENDF/B-VII
JENDL4.0

TALYS1.4

10
-3

10
-2

10
-1

1

10
-3

10
-2

10
-1

1 10

σn,γ

Neutron Energy (MeV)

C
ro

ss
 S

ec
ti

on
 (

b)

n + 235U

TALYS1.4

10
-3

10
-2

10
-1

1

10
-3

10
-2

10
-1

1 10

σn,γ

Neutron Energy (MeV)

C
ro

ss
 S

ec
ti

on
 (

b)

n + 235U

BRC
TALYS1.4

In fat σBRC
n,γ adjusted on partiular benhmarks

B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Neutron Capture Cross SetionJandel et al. 2012
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non-elasti ross setions on the
1 keV < E < E

seuil
(n,2n) energy range
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Dalitz plot of non-elasti proesses probabilities on the
1 keV < E < E

seuil
(n,2n) energy range
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Use of Shannon theoremFrom another point of view, we an also de�ne the lak of information on the non-elasti emissionproesses for an emitting system A. When using the same notations as previous Dalitz plots, aordingto the Shannon theorem [1℄, the lak of information (also alled entropy) or the unertainties on thenon-elasti emission proesses for an emitting nuleus A an be de�ned as :
Hn(A, E) = −Pn,γ(E) log2 Pn,γ(E)

−Pn,n(E) log2 Pn,n(E)
−Pn,f (E) log2 Pn,f (E).Instead of plotting eah probabibality of all exit hannels for eah studied evaluations versus energy, thisrepresentation is more ompat, and so, more learly to read.If two evaluations are lose together, the unertainties on their non-elasti emission proesses should beidential :

HEval1
(A, E) = HEval2

(A, E).[1℄ C.E Shannon, Bell System Tehnial Journal, 27 , 379 and 623, (1948).
B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Use of Shannon theorem for non-elasti proessesprobabilities on the 1 keV < E < E
seuil
(n,2n) energy range
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Use of Shannon theorem for non-elasti proessesprobabilities on the 1 keV < E < E
seuil
(n,2n) energy range
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Inelasti Sattering
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Non-elasti neutron emission probability
p

0

P(E)=H(E-S)

S

P(E)

EFig.: Non-elasti neutron emission probability for populating an E = S energy state (Heavisidefuntion)= threshold reation.
dP(E)/dE=δ(E-S)

S

dP(E)/dE

EFig.: Energy derivative of the non-elasti neutron emission probability for populating an E = S energystate (Dira distribution = energy distribution of populated states).B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Energy distribution of populated states
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P(E)=0.3H(E-S1)+0.7H(E-S2)
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EFig.: Non-elasti neutron emission probability for populating two energy states E = S1 and E = S2(Heaviside funtions)= threshold reations.
dP(E)/dE=0.3δ(E-S1)+0.7δ(E-S2)

S1 S2

dP(E)/dE

EFig.: Energy derivative of the non-elasti neutron emission probability for populating two energy states
E = S1 and E = S2 (Dira distributions = energy distribution of populated states).B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Energy distribution of populated states
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Energy distribution of populated states
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Energy distribution of populated states
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Energy distribution of populated states
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Energy distribution of populated states
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DI (in the URR) - Pseudo-states ?DI in the URR- Problem with DI in the URR for ertain atinides (not so large for235U)- How an one take it into aount in the URR (when notnegligible) ? Pseudo-states- Problem with ENDF format with pseudo-states (MT51 -> MT90)for nuleus like 235U (worse with 241Am) with ompressedspetrum.- Whih kind of approah to treat them ?B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Pseudo-states Pseudo-statesColletive states in the ontinuum that inrease the inelastisattering to the ontinuum.- These states were introdued in order to better reprodue theneutron leakage spetra from pulsed spheres measured using TOFtehniques. L. F. Hansen et al. 1978 LLNL- They were also adopted in JENDL3.2 by T. Kawano (1994) inorder to better �t Baba's data.
B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode



Pseudo-states
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Prompt neutron �ssionB. Morillon
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Prompt neutron �ssionB. Morillon
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�ssion modeling ↔ onsistent parameters
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Conlusion or what should be done...
OMP : Dispersive OP

Choice of Coupling Scheme

URR : when extended to ”high energies” problem with DI component

Pseudo − states : which approach?
how many states can be supported (MT51 − 90)

InelasticXS (waste XS?)
Measurements of this XS would be of great interest

But effectivly experimental limits (to separate Inel. scat.

to the low − lying states from the elast. scat.)

PF NS Pre − fission neutron spectra have to be included.

Evaluations just from models??? sometimes adjustment of certain XS

Consistent parameters! Is this the ultimate goal?

Standard fission XS imposed? Is this also not a way for compensating errors?

Would it be possible to eliminateall compensating errors?B. Morillon, P. Romain BRC neutron evaluations of atinides with TALYS ode


