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Why do we need still to study o?

NPL

National Physical Laboratory

1. Study of the fission process

2. Design of Gen-IV nuclear power plants

* Neutron energy spectra from 0.5MeV to 20MeV

EUROPEAN NUCLEAR FACILITIES

: : . Table 32. Summary of Highest Priority Target Accuracies for Fast
» Highly enriched U to function Reactors
o Current Target
« Improved target accuracy EuersvRange |\ covicv(on | accuree o)
— Ginet 6.07 +0.498 MeV 10 +20 2+3
U238
Oeapt 248 +2.04 keV 3+9 15+2
+ 2+3 (SFR.GFR.
Bt decay IFR)
Pu241 Oriss 1.35MeV + 454 eV 8+20
Capture 5+8 (ABTR.
28677 |+ 2367 ey | 20 (n2n) ) o
Pu239 Geapt 498 +2.04 keV 7+15 4+7
L B deca. Puado [ 1.35+0.498 MeV 6 1.5+2
L
237Np 2""QNP — 2‘mNp y v 1.35 + 0.498 MeV 4 1+3
l l Pu242 Gtiss 2.23 + 0.498 MeV 19+21 3+5
Pu238 [ 1.35+0.183 MeV 17 3+5
238 239 240 - 241 - 242
‘ Pu }_. Pu " Pu Pu Pu ‘ Am242m Ofics 1.35MeV + 67.4keV 17 3+4
Am241 Cse 6.07 +2.23 MeV 12 3
241 A Cm244 s 1.35 +0.498 MeV 50 5
Cm245 Oriss 183 + 674 keV 47 7
Fes6 Ginel 2.23+0.498 MeV 16 +25 3+6
Na23 Ginel 135+ 0.498 MeV 28 4+10
Pb206 Ginet 2.23+1.35MeV 14 3
Pb207 Tinel 1.35+0.498 MeV 11 3
. Tt 6.07 + 1.35 MeV 14+ 50 3+6
Si28
Geapt 19.6 + 6.07 MeV 53 6
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NPL Van de Graaff accelerator
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NPL Van de Graaff accelerator NPLE

Low-scatter area
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scatter of neutrons of 100-
200keV lower energy than E,
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. . Need of secondary standards
issue when using =*U(n.f) with fission threshold
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Fluence measurement NPL
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1) Fl fwith a L Fluence
(1) Fluence measurement with a Long counter per unit

(2) Fluence meas. with shadow cone + Long counter beam
charged
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Fluence measurement
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long counter

shadow cone
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Twin Frisch-Grid lonization Chamber

NEUTRON BEAM
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Fission fragment measurement NPL

neutron producing target\\_‘
, - R =
beam line T TFGIC
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Experimental campaigns NPLE
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Two campaigns under the CHANDA project: 2016 and 2017
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Experimental campaigns NPLE
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Two campaigns under the CHANDA project: 2016 and 2017
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Samples E.(MeV)

235U 23TNp 0.567, 1.2, 1.8, 2.0 Isotope Mass (ug)  Purity
D, 5 20 24 2350, 555(22)  99.83%
RN TETRY 235, 701(4)  99.93%
238 0
235 235U, 0.565, 1.2, 1.8, 2.4 237|\IU 681 (18) >99.99%
242py/235y,,,  0.565, 0.9, 1.0, 1.1,1.2, 1.8, 2.4 P 489.5(2.4) >99.99%
242py 237N 1.0,1.1,1.2, 1.8, 2.4 “Pu - 671(6)  99.97%
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Experimental campaigns NPLE
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Two campaigns under the CHANDA project: 2016 and 2017

correlated results

Similarities:
« NPL facility (fluence determination technique)
« Some of the samples (?*°U, 4, 2°’Np)

Differences:

* More control on:
« proton beam spot shape and size
* neutron producing target — TFGIC distance

* new built TFGIC in 2017
« different DAQ boards
* New 23U sample in 2017
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Data analysis NPLI
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1. Fission fragment characterization

Al Waveform DAQ DSP
G1 Digitizer program program
A2 12 bit

G2 100 MHz online

C [P

trigger

“Np E_=2.0MeV

grid PH (ch)
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Data analysis NPLE
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1. Fission fragment characterization
2. Absolute fluence determination

Flucal —— fluence at the point of the samples from point source
MCNP6 —— correction for disk sample and disk neutron source
MCNP6 —— correction for target can scattering

MCNP6 — correction for attenuation on the front face TFGIC
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Data analysis NPLE
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1. Fission fragment characterization
2. Absolute fluence determination

3. Neutron energy spectrum at the sample position

Main Bay geometry thanks to G. Taylor
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Data analysis NPLE

National Physical Laboratory

1. Fission fragment characterization
2. Absolute fluence determination

3. Neutron energy spectrum at the sample position
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Calculations (cross sections) NPLE
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Gc::rrr ) kFF,lDW A 1
€ m - N,®,(E,) - kpp-pp - ks - kattrc

o(En) =
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Calculations (cross sections) NPLE
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Gc::rrr kFF,lDW A 1
€ m - N,®,(E,) - kpp-pp - ks - kattrc

J(En) —

Corrected counts below electronic threshold (2-5%)
+

Spontaneous fission (?*2Pu only)
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Calculations (cross sections) NPLE
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Calculations (cross sections) NPLE

(B, @@ A 1
J mn —
€ m - N,P,(E @@ TS * KattPC

Corrected counts below electrgnic threshold (2-5%)
+

Spontaneous fission [?*2Pu only)

\ 4

Point-to-point to disk-to-disk correction
v (2-4%)

Reaction rate dueto E’, < E
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Calculations (cross sections) NPLE
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Calculations (cross sections)
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Calculations (cross sections)
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Calculations (spontaneous fission %4?Pu) NPL

Tyjpsp= il 1
| Ao ( Csp_ Sh__ibu__ )
t-In2-moyo- Ny - Az'T1/2,SF(Z)
T2 (Y)
Holden (2000) — Literature average 6.77 x 1010 (1.0%)
Chechev (2009) — Literature average 6.79 x 1010 (1.4%)
Salvador-Castifieira (2013) 6.74 x 1010 (1.3%)
This experiment 6.76 x 1010 (1.3%)

L’ Based on 5 measurements > 25000 events/each
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Uncertainty evaluation
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E, Utotal U Uc Ug Ucsthr  Usr Up  Uprriow Uppop  Urs  Uawrc
(Mev) (%) () () ) %) %) (%) ») (%) (%) (%)

0.565 3.8-9.1 052 1459 1 20 1.3 3.2 <1 3.2 27 1-14
0.9 4.0-94 05-2 1.8-6.1 1 20 1.3 3.2 0.6-1.6 2.0 30 5.8-6.1
1.0 44-92 0.5-2 1.5-5.7 1 20 1.3 3.9 0.7-2.7 4.6 30 <1

1.1 4.0-7.3 05-2 1844 1 20 1.3 3.3 0-2.3 1.9 31 6.6-7.1
1.2 40-7.1 0.5-2 1.8-4.2 1 20 1.3 3.3 <0.5 2.2 31 6.4-6.8
1.8 3.7-5.6 0.5-2 15-2.8 1 20 1.3 3.2 1.2-3 2.5 32 2.2-2.7
2.4 3.7-5.3 0.5-2 1.3-2.7 1 20 1.3 3.2 0.3-3.2 0.9 33 1.3-1.8

* Data from 2017, similar values for 2016
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Uncertainty evaluation

NPLI
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E, Utotal U Uc Ug Ucsthr  Usr Up  Uprriow Uppop  Urs  Uawrc
(Mev) (%) (%) () ® %) %) () %) %) (%) (%)

0.565 3891 052 1459 1 20 1.3 3.2 <1 3.2 27 1-14
0.9 4.0-94 052 18-6.1 1 20 1.3 3.2 0.6-1.6 2.0 30 5.8-6.1
1.0 44-92 0.5-2 1.5-5.7 1 20 1.3 3.9 0.7-2.7 4.6 30 <1

1.1 4.0-7.3 05-2 1844 1 20 1.3 3.3 0-2.3 1.9 31 6.6-7.1
1.2 4.0-7.1 0.5-2 1.8-4.2 1 20 1.3 3.3 <0.5 2.2 31 6.4-6.8
1.8 3.7-5.6 0.5-2 15-2.8 1 20 1.3 3.2 1.2-3 2.5 32 2.2-2.7
2.4 3.7-5.3 0.5-2 1.3-2.7 1 20 1.3 3.2 0.3-3.2 0.9 33 1.3-1.8

* Data from 2017, similar values for 2016
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Preliminary 235U results
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Preliminary 235U results

National Physical I.aboratory

C
S [} ®°U(n,f) - absolute
e

m 2016 data - 2016 sample

1.0t m 2017 data - 2016 sample
—— ENDF/B-VIILO
—— JEFF 3.3
— JENDL 4.0+
2 1.1
Eé 1o/ — — — — —
g” 0.9} |
s 0.0 0.5 1.0 1.5 2.0 2.5 3.0
E, (MeV)

Towards the adoption of 238U(n,f) and 2*’Np(n,f) as primary standards for fast E,

D' . SOL G c E GES LEAR DATA \9
/ = -
A EOROPEAN NUCLE N H uropean | 14




Preliminary 235U results
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Preliminary 235U results NPLE
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Preliminary 238U results
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Preliminary 23’Np results
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Preliminary 22’Np results NPLE
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Preliminary 24?Pu results
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Preliminary 242Pu results NPLE
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Preliminary 4*?Pu results (threshold)

NPLE
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summary NPLE
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Cross sections key element on reactor design — improved accuracies
 VdG environments require new reference cross sections
«  Two experiments performed for 235238U(n,f), 23’"Np(n,f) and 2*2Pu(n,f)

« Uncertainties driven by counting statistics and distance between
neutron producing target and detector

|

Reaching uncertainties <5% requires new methodologies or increased accelerator
output
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