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Evaluated nuclear data

Experimental Evaluated Nuclear reactors Gl stu;hes
. . Scenario
data data simulation
Safety...

* Evaluated Nuclear Data Files (ENDF) : input
parameters for nuclear reactor simulations !
* How is build an evaluated file (ENDF) ?

— models

— experimental data (Y(A), Y(A,Z), Y(TKE|A) ...) Experimental data

° 2 (cross section,
Why do wg use models? Models o

— get data which cannot be measured (optical

(R DY

— reduce uncertainties

Ancillary models
(spin distribution

)

Evaluated data
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Evaluated nuclear data

Experimental Evaluated Nuclear reactors Cycle stughes
. . Scenario
data data simulation
Safety...

el — 3’ %ata

« How to improve the evaluation process?

— more “physical” models: improve knowledge of the
fission process

— new methods
= Better control of systematic uncertainties
= More accurate data
= Evaluation process
— complementary measurements
= Substitution reaction

» [someric ratio
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Definition of fission yields

Fission yields = production rate of fission fragment for a given mass A, nuclear charge Z, excitation energy E*, kinetic energy E},, angular momentum J,
parity i, and isomeric state m

Y(A,Z,E\, E",]") = Y(4) X P(Z|A) x P(Ey|A, Z) X IR(m|A, Z, E*, E},)
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Definition of fission yields

Fission yields = production rate of fission fragment for a given mass A, nuclear charge Z, excitation energy E*, kinetic energy E},, angular momentum J,
parity i, and isomeric state m

Y(A,Z,E\, E",]") = Y(4) X P(Z|A) x P(Ey|A, Z) X IR(m|A, Z, E*, E},)

Independent fission yields Y (A4, Z, m) are used in nuclear reactor studies
Isotopic composition
— Residual power
— Radiotoxicity of spent fuel

1. E+05
— Total decay heat =W IR .
— - Actinide decay heat

- FP decay heat { 1.B+04 R Spent fuel Storage
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Definition of fission yields

Fission yields = production rate of fission fragment for a given mass A, nuclear charge Z, excitation energy E*, kinetic energy E},, angular momentum J,
parity i, and isomeric state m

Y(A Z,Ey, E",]J") = Y(A) X P(Z|A) X P(Ex|A,Z) X IR(m|A, Z, E™, Ey)
Independent fission yields Y (A4, Z, m) are used in nuclear reactor studies
Isotopic composition
— Residual power

— Radiotoxicity of spent fuel

IR(m|A,Z, E*, E};) : modeling prompt particle emission / foreseen material damage and heating in reactor studies

1. E+05
— Total decay heat b N NN e
— - Actinide decay heat g S 15
- FP decay heat { LE+04 Q Spent fuel Storage =3 P —_ States filled by
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Institut Laue-Langevin

ILL : founded and govern by France, Germany and United Kingdom

e Buildin 1967

e 40 instruments (mainly neutron spectroscopy for biology, materials ...)
* 540 member staff + 1400 users per year

* 105 M€ per year

e High Flux Reactor : 58.3 MW thermal. New vessel in 1995.

Plan de Grenoble

§ -— limites administratives

LIS

[§ Leaflet | DigitalGlobe, GecEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
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LOHENGRIN working principle

Experimental position 1 Selection
(straight unfocused beam) A & Ey

\ — Experimental position 2

' (refocused beam)

q q .
Fission target

position  Reactor core
Reactor wall

Main magnet Light water pool

Condenser
2 x 380 kV

ILL reactor
Thermal neutron flux
at target ~ 5 10" n/s/cm?
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Lohengrin : selection with the mass over ionic charge .

o . E .
and Kinetic energy over lonic charge 7" ratios

(A1,E1,q1) = (43,E5,q;) = (A3, E3,q3)
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N(A,q,E) (unitg arbitraire)
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How to measure independent yields at LOHENGRIN

Relative measurements

- N(4,q,E,)dEy
A = Z j BU(t)

q Ey
Absolute assessment

M@
=g v@
Y(4) = 1
Heavy A

Main issue : burning of the target BU(t) and beam time

Choices Ey, q distributions must be made
Correlations between Ej, and g make the analysis more complex
Tremendous effort over 15 years to reduce the uncertainties and handle bias !

Current data taking :

3 E scan & 1 g scan to measure a mass yield (at least)
1 ionic charge with HPGe to measure independent yield
For some masses (high electronic conversion) more scan are mandatory
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Experimental setup

T

30 '
T "decay 1" e "decay 2"
25 "irradiation 1" measur‘!ement "irradiation 2" v ;
- measurement -
Vacuum chamber measurement ; :  measurement !
Moveable Band x '4—1*: : .
/ 5 20) o -
. > i i i
' g o :
g tape | a L
HPGe Clover : : S - | ! |
e Clover : - | = i roll-out i .
4 cristaux S - gl ;10, : background . .
it - g‘ > | measurgmen L
T 5¢ - e -
N / Ve

T 20 T 40 T 60 80 100

High Purity Germanium (HPGe) beam ON beam OFF beam ON beam OFF
Time (min)
Assess fission fragment nuclear charge
through y measurements
- Current solution to study isotopic yields in * Implantation of isotopes on the tape and the vacuum chamber
the heavy mass region
—Results are dependent of the knowledge of e Taperoll out : only the chamber frame “contains” isotopes

fission fragment nuclear structure scheme
* Measurement of the “frame decay”
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Gamma spectra: example for mass 140

Count Rate for each y-ray of '3}Xe
' ' ' — Mass 140 ' RS ' (Arbitrary Unit)
16000 - 12 q=22 i - 3 y
1| ss! ] x10 - 805.52 keV
Ej; = 64 MeV | (1] NS SRR BRSO O I
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] ] - H® i !
12000 140y, Y o T‘L@. _______ 1315.05 keV
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y-ray energy [keV] Ionic Charge
p—— 1427.58keV J* = 1%
140 > 140 140 140 "1 73
53] - 54X8 - 55CS - 56Ba N 622.03keV JT =2~
Ty, = 0.86s &
Ty, =136 140 112.53keV J© = 2~
T,/ = 63.7s 55CS — 13.93keV J"=27
T1/2 = 128 d
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. . EQ Julien-Lafferiére et al., Phys. Rev. C 102, 034602
Analysis: example 24'Pu(n,, ,f) reaction

* The count rate N,, is extracted using ) )
the Program Tv

* The efficiency €, is extracted from a
Monte Carlo simulation and validated
against experimental points

* The intensity I, is coming from nuclear
database

* The sum effect F, factor is calculated

\_ With the TrueCoinc software ) \_ J \_ J

MNCP simulation

Yy % =18.2 (Xjn = 22.3) |
e ¥ =18.2(x.=18.5) |
Bi ¥ =43 (Xjm=4.6) 1
Ba ¥*=0.9 (X,=7.8)

w

Absolute Photopeak Efficiency [%]

0 | I TR ST R E TS R N R
0 500 1000 1500 2000 2500
y energy [keV]
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. . EQ Julien-Lafferiére et al., Phys. Rev. C 102, 034602
Analysis: example 24'Pu(n,, ,f) reaction

T(ql|Ey) = QN—df(qIEk)

. N : _ ™ )
The count rate N,, is extracted using « Averaging number of decay :
the Program Tv . . .
The effici i< extracted f * The average number of decay N; coming from fission f is
[ )
v e i 'é'e'rcy_ey IIS (tex rac il rlc_’(;“ta 5 corrected from the background bkg (from the frame):
onte Carlo simulation and validate N — N
. : : Nq;(Z,q|Ex) = No(Z,qlEx) = Nay, . (Z, q1Er)
against experimental points Solvine th ) X duct
. . . . o
« The intensity I, is coming from nuclear olving t e Bateman. equatlon Q to extract the production
rate T coming from fission
database
* The sum effect F, factor is calculated
\__with the TrueCoinc software y, . J \ J
Irradiation 1335 Background
. . ' =T . s gsasr
oy — MNCP simulation o 250
= T x=182 (. =223) s * 5
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. . EQ Julien-Lafferiére et al., Phys. Rev. C 102, 034602
Analysis: example 24'Pu(n,, ,f) reaction

T(ql|Ey) = QN_df(‘IlEk) Y(A,Z) = N(Z|A) X ky39

* The count rate N, is extracted usin . ) i ineti A
e . y g « Averaging number of decay : e Correction of kinetic energy dependency P(E})
e Program Tv . . . . .
H ff'g. _ df * The average number of decay N; coming from fission f is * Correction from target evolution BU(t)
. -
" € i |é|er|1cy.ey IIS ‘E_XtraCtZ rI"Dcrlnta 5 corrected from the background bkg (from the frame): * Sum over all ionic charge:
onte Carlo simulation and validate N _ N
. . . Nap(Z,q\Ex) = No(Z, q|E) = Napyy (Z,q1EL) N(z|A) = ¥, (E: 4 UEk, 4)
against experimental points | n h ) 4 BU(t)P(Ey)
. . . . ¢ Solving the Bateman equation Q to extract the production R .
* The intensity I,, is coming from nuclear rate ‘L'%:oming from fiss?on Q P e Normalisation with A = 139:
database kiz9 =Y(A=139)/Y,N(Z|A = 139)
* The sum effect F, factor is calculated . D
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Ba

I

, =0 x 1)

norm

Final uncertainty on
isotopic yield is mainly
drivenby I

0.1% <L <5%
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Isotobe Total Uncertainty
P (on cumulative yields)

141Xe
141CS
14lBa
140)
140Xe
140CS
139)
139Xe
139CS
13984

138|

138Xe

138Cs
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23,29%
13,12%
11,56%
11,06%
16,38%
11,72%
14,04%
15,20%
21,95%
15,08%
92,05%
32,02%
16,65%
16,04%

Example of uncertainties

norm

uncertainty

20,000%
6,329%
3,077%

0,11%
10,00%
3,75%
8,47%
10,71%
19,72%
1,15%
7,14%
3,49%
15,79%
1,57%
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Isotobe Total Uncertainty
P (on cumulative yields)

Borm
uncertainty

20,71% 16,95%
12,13% 10,00%
14,38% 9,68%
39,36% 33,33%
15,66% 11,17%
9,60% 1,65%
9,01% 8,00%
12,49% 2,46%
12,57% 10,00%
13,25% 3,41%
13,65% 5,81%
12,24% 2,99%
11,50% 5,00%
15,50% 5,00%
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Some Highlights
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