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CE0Wwhat is a neutron evaluation ?

enorgie glomgun « gnergine altomaotives

A set of cross sections ... :

01(E), G, (E), G 5 (E), da/dQ, d?G/dEAQ , ...(as0 Oy, ¢ (E) tor actinces )

given : on an energy mesh

In a specific format (ENDF)

In order to be used by computing codes
for different studies and nuclear applications
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In our approach
at

BRuyéres-le-Chatel ( BRC) :
we have chosen
the

FULL MODEL

approach

using TALYS code
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adventures in wonderland
(of cross sections )
« railways » :

the new fission path
]
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0 Optical Model

T

(able to describe : potential scattering)

or shape elastic

INTERACTING ZONE
(mean field) EY>=(T +V) |¥>

; =H |¥>

potential created by
the A nucleons
of the target nucleus
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0 BUT ....

(unable to describe :)

n
n,2n
n
INTERACTING ZONE
(mean field) EY>=(T +V) |¥>
; =H |¥>

potential created by
the A nucleons
of the target nucleus
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e BUT ....

(unable to describe :)

Nn
@
n,2n
®n
INTERACTING ZONE
(mean field) EY>=(T + U ) P>
; =H |¥>

potential created by
the A nucleons
of the target nucleus U — V @

U . optical potential (depends of the target)



=V + i W :optical potential

10 238U(Il,ll)
-\ E =14.1 MeV

107}

c(0) (Illb/Sl‘)

[a—y
=]
I

1 oo e e by

B¢, (deg)

W : remove flux from elastic channel
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U=V + i ptical potential
S o

W to guantify the absorption

¢
W
W : gives O-R < Te&{\‘g&é

&\\6

ok
\\‘b
<\

O-Tan k X\‘“\‘ GR:ZQ(2€+1)TQ
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0
= Optlcal Model
0;0t B mw

Og

time scale

Evaluation only from Models

/

s

, I

+
re-equilibrium

T Opp T °0Opy

rect
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= Optical Model
Dlsperszve Optical Model

(Dispersion relations [/ causality principle)

B. Morillon H. Duarte P. Romain
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Causality principle: the scattered wave cannot be emitted
before the incident wave has reached the target.
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Cel’our notre probleme de diffusion :

Causality principle :  causes preceding effects

===> Dispersion Relations

AV(E)=Re(U,,, (E))_ 1 1:[ Inm(U,, (E’) dE’
T E’-E

additional constraint when adjusting absorption

B. Morillon H. Duarte P. Romain 13



@aupled Channel Calculations

(ECIS)

(As everybody knows for
deformed nuclei in their g.s.)
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n

EI]
@

Direct Interaction

rapid Process t~102!s

n’, E -E
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AZ,

Romain
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@aupled Channel Calculations

(ECIS)

(As everybody knows for
deformed nuclei in their g.s.)

Moreover for actinides a coupling7y to
the lowest octupolar band is needed.

T (This idea originated from a previous work of V. Maslov
in 1998 on the system n + 233U)

(implies a new repartition between
DI / and CN \ processes)
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time scale

Evaluation only from Models

Pre-equilibrium
r o’ ¥
Ipe T Opirect
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S Statistical Model (GNASH - TALYS - EMPIRE ...)
open channel are simultaneously treated

atA —C*— b+B

entrance channel exit channel

fission slow process
via CN

Kopecky Uhl model optical model

for fission the transmision coefficients
come from a penetration barrier model

19



Transmission coefficients are the keys used to open
¢S the compound nucleus cross section 0., TANK

—..(we.need one key per emitted type of particule)
n,p,d,t,00 < keys built at optical potential machine

related to Oy (b+B ou b=n,p,d,t,0 )
|C*— b+B|
Y < keys bought at the GDR supermarket

fission < keys or pass-keys 2?77?77
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e (keys built at optical potential machine)

C* b+B

entrance channel

C*=—— b+B
(study inverse reaction)

B. Morillon H. Duarte P. Romain 21




Transmission coefficients are the keys used to open
¢S the compound nucleus cross section 0., TANK

—..(we.need one key per emitted type of particule)
n,p,d,t,00 < keys built at optical potential machine

fission

related to Oy (b+B ou b=n,p,d,t,0 )
|C*— b+B|
< keys bought at the GDR supermarket
related to the photo-absorption cross section

B. Morillon H. Duarte P. Romain 22



<b<T>q‘

—
deformation

inverse mecanism ???
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e )
D oy @

deformation °

many sets of fragments
moreover
fragments more or less excited and deformed
AND
emitted neutrons with velocities distributions
AND
etc, etc ...

B. Morillon H. Duarte P. Romain
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But we can drink it




Transmission coefficients are the keys used to open
&0 the compound nucleus cross section 0. TANK

—..(we.need one key per emitted type of particule)
n,p,d,t,0 < keys built at optical potential machine

reliées a Oy (b+B  ou b=n,p,d,t,0 )

C*— b+B
& keys bo the ermarket
Y related to t 0t0 gt%sorpﬁ n cross section

fission < keys or pass-keys 77?777

keys built on line
adeSt with Statistical Model
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=9 fission path

ND or SD or HD or
class I class 11 class II1

A+17  deformation

r
Cb()?‘

8.morilo feey or pass-key 2?2




fission barrier with 1 hump

T.=1/[1 +exp2T(V.-E)/hw)]
Hill-Wheeler

B. MOFI”OH H uarte P, fKomain
deformation
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fission barrier with 2 humps

Ty

T,=T

A TA+TB
T.=1/[1 +exp2T(V.-E)/hw)]
Hill-Wheeler

B. MOFI”OI‘] H uarte P, fKomain
deformation
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~y fission barrier with 3 humps

E A B C
Y VO A VY .
K(I)A
VA
1 1 1 1
T, 1, T T T,
f T, Ty T

T.=1/[1 +exp2T(V.-E)/hw)]
Hill-Wheeler

B. MOFI”OI‘] H uarte P, fKomain
deformation
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Transition States




&sh

At low neutron incident energies, CN is formed
at excitation energies close to S,

B

S, <

n
small xs |
10 '3E

Section Efficace de Fission (Barns);

........

v b b

2 3 4 5
Energie Neutron (MeV)




e Resonant Transmission

%
E A
CN
E*, JU >bor class 111
’ class 11
0 1
eigen Transmission

same quantum numbers ' 34



Cial, E.V., lpnatyuk, ALY, Rabotwoy, N5, Smarenkm, G, 1969, Phyacs and Chempiry of Fison
LAEA. Vienna, po 337

™

1 [2 TA4TB
TrouE) = —/
oy(E) TJH COSQ¢+(TA+TB) sin? ¢
i~ E & this leads to
Val \/ X §§
\ VB o
TAT
a, d, \ defc Tmoy(E> = Tﬁl——é{B
 Academic model AT
T(E) ~ -
P Ve FITI
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Ciald, E.V., lpnatyuk, ALY, Rabotwov, N5, Smerenkim, G, 1969, Phyacs and Chempiry of Fisson,
LAEA. Vienna, po 337

4T 4 Tg

el = Ty

m— - ¢(E) _ /a3[((x)d.r:W(E—E[[)/hw[[: (2n—|—1)g
— E S

b .

Y

assuming V(x) well oscillator

1

Tl
T(E) ~ -
cos? ¢ + (%)2 sin? ¢
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Ciai, E. V., Ipgnatyuk, AV, Kabotroyv, N5, Smurenkin, G.M., 1969, Physacs and Chempstry of Fission,

LAEA. Vienna, po 337

4T 4 Tg
1 Fy=—F"-—
s (Ta + Tg)*
when :
as T
— ¢(E) = / I((Ji)dﬂf = W(E_E I)/hw[[ = (2n+1)_
—— a2
- assuming V(x) well oscillator
Vs ( E—E[[:(n—I—%
>
d, deformation

Resonant transmjssion

oI E e I
47, Ty
v 2

Enhancement factor for transmission
that we will now apply to our simplified
model for fission channel

B. Morillon H. Duarte P. Romain 37



Extension
to a
simplified model ke in previous
and GNASH code
generalization (1996) }

\fuﬁ

Inverse parabola

Hill — Wheeler formula : Ty(E) = L

1+ exp[_h—(zf(E — V)]

B. Morillon H. Duarte P. Romain 38



Ann. Nucl. Energy 32, 195 (2005)
B. Morillon H. Duarte P. Romain
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Ann. Nucl. Energy 32, 195 (2005)
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In this simplified model we have only fo adjust
(to find I and J7) clII and cIll quantum number

in order 1o reproduce ( fIl ) the first chance fission
cross sections

B. Morillon H. Duarte P. Romain 41
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Results of our adjustments

240
Pu

Class 11 states
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without knowing experiment
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GEEST of our model
~ on %9Th

Z =90
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Cross Sections (barn)
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=pEST of our model
— on

L = 92
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239U : Triple -humped fission

&sh

—Resenant transmission

E

(MeV)

ﬂlﬁ;;ma‘:n—'mmhmmqm

iy
B tm

barrier .
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'mj
[

or
'm:
'm%

" ar

kL

8.0 2.0 1] <0

- 26CEI0N EHICICE (RILIE)

2ig19

— T -
(ValM) noiua¥l

'l,no

—
ol

U™+

a7



[0

a

239U : Triple -humped fission

&sh

—Resenant transmission

E

(MeV)

= = W R otn g 1

=N
& fa

B th tn th th
Ba tn B B B

barrier .
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239U : Triple -humped fission

CED b o
—Resenant transmission arrler ° = ° -

2 CHIoU EjIcuce (ByLue)

7} I 110 ]
g 3
5 § g
4 F 3¢
2 rEP
e F L=
= 1 - e e s rormn s
= 0 -
62 > Influence
B I e
. — of
5.8 >
= e Class II and Class III states
fd| —/}m— - = on
5‘2 e il fission cross section
4.8 E—

0w 10107 10%10" 1
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CROSS SECTION, BARNS

%) FISSION CROSS SECTION

103 ———————
& DIFILIPFO ET Al 1978
— — JEMWDL-3.2 \
—— PRESENT
104 |
10 R
102 10"

NEUTRON ENERGY, MeV

FIG. 10

' Y INTERWNATIONAL ATOMIC ENERGY AGENCY
INDC(BLR}-014
Distr. J+TU/EL

INDC INTERNATIONAL NUCLEAR DATA COMMITTEE

Crgss Sections (barn)
&

. H. Duarte P. Romain

o Difilippo et al. (1980)
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TALYS
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Cross Section

@ James et al. (1977) .
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TALYS
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vvvvvvvvvvvvvvvvvvvvvvv

||||||||||||||||||||||||

'E (MeV)

antiresonance

antiresonant circuit

n+24U ENDF/B-VII

o{b
(P) BRC/TALYS

0.8 — ”/

A_:\ A¢ E (MeV)

0.2 D G YA T R T 12
M.JIN Oper-Jimenez
Post doc 2001-2003
at SPN

= circuit bouchon

(frenchy speaking)
«bouchonance »
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&sh

And now when neutron incident energy increases

methodology

B. Morillon H. Duarte P. Romain
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Slow Process t~ Chance
fission

L Duarte r. Komain
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Section efficace (harn)
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an

2-nd
chance
fission

chance
fission
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Section efficace (harn)

4
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T

O
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orillon H. Duarte P. Romain

- MeV
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chance
fission

B. Morillon H. Duarte P. Romain

an

second
chance
fission
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Effects of class II states on opening of
second chance fission

Fission barrier Transmission
(Influence of class II states)

A

A

A

without R Taking into
class Il states : account

v /_class |l states

T

Energy(MeV)
Class I states
‘lass II states

Fission Cross Section (b)

4 5 6 7
Neutron Energy (MeV)

B. Morillon H. Duarte P. Romain
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B.1

//

1-rst
chance
fission

2-nd
chance
fission

3-rd
chance

fission
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K=Y (=% e} - [ p=Y (5]
L Ly [ B B

- oectionefficace (harn)
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S Pa§ |4,U5 |==> (n4nf)
. V </;;l
n,a
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n 2
. s ;0\ </311 }(X
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———— - MeV
6 12 32
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Cross Section (barn)
£ 8 B -~ K & B &
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|
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' Neutron Energy (Nllf‘:JV)

ace (barn)

Avec le méme passe-partout 233U
on visite plusieurs réservoirs :
Oy (n1+23¥U) =>n,nf

Ocy (n+237U) =dn,f

_ Gabs (W_238U) ')V,f



In our approach
at

BRuyéres-le-Chatel ( BRC) :

FULL MODEL

approach

consistency

B. Morillon H. Duarte P. Romain
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Cross section (barns)

Problem in 238Pu(n,f)

NN

1

B Gpo=d My O

1997
1983
1982
1973
1978
1969
1967
1967
1963

EHDF/B-VII1.8: PU-23B(H,F)
JEFF-3.1: PU-238(H.F)
JENDL-3.3-388: PU-238(H.F)
BROND-2.2: PU-238(H.F>
Fursou
Aleksandrow
Budtz-Joergense
Silbert

Drake
Fomushkin
Barton
Fomushkiti

ButleryiE &
o,

238
n+  "Pu
3.6 [ T T ‘ T T T ‘ T T T | T T T T ]
34 _ .
[ .. %cn t OpE. = Or ~ Oinl. gir. )
3.2 L ., = Gn,f + Gn,xn + Gn,v * Oinl. dir. _
- TR + X)> i

..

520 (mb)

BR

k= 1ok

LYS

6\|\\|\|\\\\|\||\||\|
4 6 8 10 12 14

Romain

16

18

20
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Cej Prellmlnary reSUItS (T. Granier et al.)

-
o

Cross section (barn)
n o~ b

—

=
o

T4
I

[ i
[ % i
B Tl
| =]
IR ]
S
LyGrEd
1 |"I b [] He

L,
4

n Ent—:-rt_:;;,lnF (MeV)
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Sections efficaces (barn)

élastique n + 241 A 1
—
fission -
1},67 -
ng. I~j i~/ _
) %
qlle Q'\ Q.\ i

n,2n
P

~ 4.5 % de O,
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0°4'|"""'I'+_

i (b) IRMM (Ch. Sage et al.)
O i
035 [ + 241 (
| Am(n,2n) -
, , $ TUNL (2007)
03 - Calculations before experiment =
0.25 - N

ATH (2006)

02 |

i TALYS/BRC
0.15 |

- ENDF/B-VII
0.1 ¢ JENDL3.3
0.05 | ENDF/B-VI.8

E(MeV)
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TALYS
adventures
in
wonderland

The End

THANKS _
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