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What are nuclear data?

Almost every nuclear application that requires minimal accuracy must be
supported by well-validated experimental data. Nuclear models are not able to
predict (by themselves) accurately the microscopic properties of nuclei.

[« Nuclear reaction data: cross sections (probability of reaction as a
function of energy), energy distributions, multiplicity and angular
distributions of reaction products ...

* Decay and nuclear structure data: modes of disintegration, half-
lives, probabilities of emission of particles (multiplicities, energies,
angular correlations), information on the nuclear structure (energy,
spin and parity) ...

Differential data
A

« Integral data. Macroscopic properties of nuclear systems, some of them
measured or determined with high accuracy. They are typically used for the
test and validation of microscopic data.

All these quantities are called nuclear data.
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Nuclear data are essential for every nuclear application

* Nuclear theory.

* Nuclear technologies: reactor operation and design, nuclear fuel cycle,
criticality...

« Fusion reactors: neutronics, diagnostics, activation...
* Nuclear astrophysics.

« Medical applications: therapy, imaging, dosimetry...
» Detector design and calibrations.

* Dosimetry.

* Nuclear forensics.

 Homeland security.

* Climate studies.

« Planetary science.

« Space applications.

* Qil searches.

* Non-destructive analysis techniques.
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In the beginning... there was Fermi

During the Manhattan project, when reactor engineers were stumped
by the lack of nuclear data, they would put their problems to Fermi.

Fermi would protest that he could not help them, because the number
they wanted had not been measured and could not be predicted. The
engineers, ignoring Fermi’s protest, began reciting slowly a series of
numbers while watching his eyes closely.

The correct number would produce an involuntary twinkle in
Fermi’s eyes.

ANL — https://ahf.nuclearmuseum.org/voices/oral-histories/fermi-love-
part-3/
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80 years later...

Unfortunately, we don’t have Fermi!

1. Better Monte Carlo simulation tools, deterministic
codes, and computers.

2. Powerful and well characterised neutron sources,

advanced detectors, and data acquisition

systems for producing high quality data.

Evaluators.

Complex validation methodologies.

il

The MYRRHA Accelerator
Driven System
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The nuclear data cycle

Experiment on AZ \

New needs and
priorities

EXFOR — data base
with the AZ data
ICSBEP + ...
integral experiment
databases

Validation with K

integral data | “« Users

/

Evaluation
Theoretical models Evaluatgd nuplear data
: . libraries
constrained with

. JEFF, ENDF/B, JENDL,
experimental data

CENDL, BROND...
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Nuclear data projects in Europe

HINDAS (16) IP-EUROTRANS (~20) CHANDA (36) || APRENDE (36+4)
KU-Leuven 3.3 M€ KIT ~1 M€ NUDATRA CIEMAT ~5.4 M€ CIEMAT ~4 M€

2000 - 2003 2005 - 2010 2013 - 2018 2024 — 2028

High and EUROpean research programme | | solving Addressing
Intermediate energy || for the CHAllenges in PRiorities of

Nuclear TRANSmutation Nuclear Evaulated

Data for of high-level nuclear waste DAta Nuclear
Accelerator-driven in an accelerator driven systems Data in

Systems Europe

National funding + Transnational access programs (ERINDA, EUFRAT,
ARIEL, OFFERR, EURO-LABS) + Education & training (ARIEL, ENEN2+)

n TOF-ADS (18) || CANDIDE (14) || ANDES (21) SANDA (36)

CERN 2.4 M€ UuU ~1 M€ CIEMAT ~3 M€ CIEMAT ~5.4 M€

2000 — 2004 2007 - 2008 2010 - 2013 2019 - 2024

Data for Coordination Coordination Supplying

Accelerator Action on Accurate Accurate

Driven Nuclear Nuclear Nuclear

Systems Data for Data for nuclear Data for energy and

nucleard data Industrial Energy non-energy
Development in Sustainability Applications
Europe
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https://cordis.europa.eu/project/id/FIKW-CT-2000-00031
https://cordis.europa.eu/project/id/FIKW-CT-2000-00107
https://cordis.europa.eu/project/id/516520/it
https://cordis.europa.eu/project/id/36397
Accurate%20Nuclear%20Data%20for%20nuclear%20Energy%20Sustainability
https://cordis.europa.eu/project/id/605203/es
https://cordis.europa.eu/project/id/847552/es

SANDA and APRENDE

Topics covered:

Detector development and infrastructure upgrades
New measurements

Sample preparation (stable and radioactive)
Evaluation of nuclear data

Validation & integral experiments

Transnational access

Education & Training ]’ APRENDE / dedicated ARIEL project during SANDA

APRENDE has the ambition to improve nuclear data for the European priorities:

-
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All aspects of spent nuclear fuel (SNF),

Reactor operational characteristics such as reactivity versus burnup, transients, and
margins,

Advanced reactor and fuel cycle development including small modular reactors

(SMR) and GenlV systems based on Pb, Na coolants, molten salts, or an accelerator
like MYRRHA,

Criticality safety and shielding for safety assessments and safety assessment
methodologies,

Non-Energy applications, radiation protection.
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SANDA and APRENDE

Topics covered:
« Detector development and infrastructure upgrades
 New measurements

« Sample preparation (stable and radioactive)

« Evaluation of nuclear data

« Validation & integral experiments

« Transnational access

- Education & Training ]’ APRENDE / dedicated ARIEL project during SANDA

APRENL E’hph 2 to improve nuclear data for the European priorities:

« All aspects Orv, F),

« Reactor operational chare ~reactivity versus burnup, transients, and
margins,

and GenlV systems based on Pb, Na coolants, mon.
MYRRHA,

« Criticality safety and shielding for safety assessments and safety asse
methodologies,

* Non-Energy applications, radiation protection.
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A few selected facilities

CNR*24, IAEA 8" — 12t of July

Centro de Investigaciones
Energéticas, Medioambientales e
y Tecnolégicas European Research Council

Established by th

12



Facilities participating in APRENDE

List of the facilities participating in SANDA and APRENDE:

« CERN (CH, international laboratory): n_TOF

« JRC Geel (BE, European Commission): GELINA (neutron TOF) and
MONNET (Tandem for monochromatic neutrones)

 GANIL/ SPIRALZ2 (FR): Neutrons For Science (NFS) & ions

- HZDR (GE): nELBE

« CNRS (FR): AIFIRA (ion beams), ALTO (LICORNE) and GENESIS (14 MeV)
« PTB (GE): reference neutron fields

« JYU (FI): ions

* IFIN-HH (RO): ions & neutrons

« Centro Nacional de Aceleradores (CNA): neutrons & ions

« CVREZ (CZ): LR-0 experimental reactor.

CNR*24, IAEA 8" — 12t of July 13
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n_TOF @ CERN
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The n_TOF
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The n_TOF facility

Spallation source EAR2
CERN PS @ 0.8 Hz Vertical flight path
p 20 GeV/c, 7ns RMS Since 2014
7-10"2 p/pulse ~18m
2:10'5 n/pulse 107 n/cm?/pulse

AE/E ~10-2
Vi |

EAR1

horizontal flight path
Tests in 2001

~185 m -
10° nlem?/pulse | various contributions d i\!
AE/E ~104 to CNR*24: NEAR
M. Bacak horizontal flight path
A. Sanchez Tests in 2021
A. Manna ~3m
V. Alcayne 108 n/cm?/pulse
nTOF N. Patronis et al. EPJ Techniques and Instrumentation 10, 13 (2023)

s # Criema

S SoEaNA BIENclzslgfl'::I&JNNOVAcDN Cer!ode Investigaciones € CN R*24, IAEA 8th —12th of JU'y 16

: : Y UNIVERSIDADES Energécas edoisenals
yTocnolégicss



https://dx.doi.org/10.1140/epjti/s40485-023-00100-w

n_TOF fluence
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Very high fluence/pulse, low repetition rate.
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JRC — Geel: GELINA and MONNET
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The GELINA TOF facility

: Target
Accelerator Sections o .

iy,
- D)

P el (= N ’

2
74

A%

=

Normal operating parameters

Average current . 70 pA Frequency : up to 800 Hz
Maximum electron energy : 130 MeV Pulse width : 1-2ns
Mean Power . 7 kKW Neutron fluence : 2-1013
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GELINA neutron fluence

Measurement Flight paths
Transmission 10 m, 30m, 50 m
Capture 10 m, 30 m, 60 m
Elastic sattering 30 m
Inelastic scattering 30 m, 100 m
Fission, (n,p), (n,a) 10 m
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MONo eNErgetic neutrons by Tandem (MONNET)

— 306.587 (7787)

3.5 MV NEC Tandem X J@
Protons, deuterons and a-particles il Y
DC (p,d < 50 pA) AN S ]
N |
Pulse beam (1 — 2 ns) e | S
En: 200 keV — 7 MeV
%ﬁ{a gEong’i'I\glg g%ﬁ%&?gmé%régwqm CNR*24, IAEA 8th - 12th of JU'y 21




Neutrons for Science — NFS @ SPIRAL-2

Driven by the high intensity SPIRAL-2 deuteron accelerator.

MEDLEY

Production mechanism: °Be(d,xn), “Li(p,xn) and
natG(d,xn)

l, 50 uA

CNR*24, IAEA 8" — 12t of July
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Neutrons for Science — NFS @ SPIRAL-2
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Fig 2: Continuous and quasi-mono-energetic beams of neutrons produced at NFS. Neutron yields at 0° produced by a) 40
MeV deuteron beam on a Be (8 mm) convertor (upper panel). b) 33 MeV proton beam on thin lithium and beryllium

convertors.
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NELBE - The neutron time-of-flight facility at ELBE

ELBE - Center for high-power radiation sources (Electron Linac for beams with
high Brilliance and low Emittance)

g optical laboratorics

|:—A I .5 2 neulron nELBE J
| . D o T laboratory
I e -
| | o_free clectron laser (JRY .5y DeT-Generator
—Il ' Ih " & TIL facility  Z4L =
-celerator h: Y .
eI I.;-Lw ° 0_ iy , 'BQ g o N - - =0 5»5% Laser Compton Backscatlering
& === 3? - = : S S O.%‘ s = == - = Laser Electron Acceleration
o ,
L TS ) Q O
B SRT gun | : N\
- N \ A —
J : & s M -
RF generator nuclear dgh d L 1
physics - X-ray . ascr lon
’7 arcelerator radiation physics X-rays: positrops 100 TW Lascr 150 TW Laser Acceleration
eclronics ‘ | | ll,"

= electron beam energy: 8 —40 MeV H L
= max. bunch charge: 200 pC

= repetition rate (cw): 13/2" MHz (n=0-7)
= max. mean beam current: 1 mA http://www.hzdr.de/elbe
= micro pulse length: ca. 5 ps
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NnELBE neutron spectrum

H19 (PTB) nELBE

10 L A I L L S SBOOOO T T 1717 T T T T TTT] T T T T 11T 3
— time difference spectrum ) L E.-=30 MeV [,.=30 pA |
, — constant background > 50000 v= 406.25 kHz, =598 cm
10 4 wn o _
" ] N L
o £ 40000 .
2 10° 3 N
5 LS
2 o 30000 .
£10' : +
= E )
S ] O~ 20000 .
10° 3
| I G 10000 .
()
10" 3]
0 500 1000 1500 2000 2500 3000 3500 4000 n 0 ] : ] !
T_-T /0.9766 ns 0.1 1 10

FC ~ Acc

E (MeV)
Photoneutron spectrum (measured with the PTB 235U fission chamber H19)

TOF spectrum: Photofission from bremsstrahlung and neutron induced fission
Photoneutron spectrum similar to the fission neutron spectrum
Neutron time of flight range 100 ns — 2,5 us
Neutron energy range from 100 keV — 7 MeV
Neutron spectral rate on target ca. 2*10% n/(cm? s MeV )
R. Beyeretal.. NIMA723 (2013) 151
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http://dx.doi.org/10.1016/j.nima.2013.05.010

N 1 T 77\

The LICORNE facility A e B

LICORNE: The unique inverse kinematics neutron source of the ALTO facility

Li = 2381y
LICORNE

Primary beam
(400ns — pulsed) Secondary beam Samples |
2x10" /s Gas target 2 x 107 n/s up to 10° fissions/s

238(Y
> - 252Th ~100 g

200 nA
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"0 DEESPANA  DE CIENCIA INNOVACION
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3 x 1020 gagtoms/cm?
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Measurements of (A,N) Yields and spectra (MANY)

Two Spamsh faC|I|t|es with electrostatic accelerators:

Infraestructuras
Cientificas y
Técnicas
Singulares

Ciemal
Centro de Investigaciones

Energéticas, Medioambientales
y Tecnoldgicas

® |IEM

UNIVERSIDAD Instituto de Estructura

COMPLUTENSE de la Materia

MADRID

INSTITUT DE H\I( \
G OIRVENES G URL

“v___Centro Nacional de Aceleradores

e @ ©

o T

% AT mh_ =

miniBELEN §

GOBIERNO MINISTERIO C'emoe
DE ESPANA DE CIENCIA, INNOVACION Centro de Investigacior
Y UNIVERSIDADES Energéticas, Me dloamb ml
¥ Tecnolégicas
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Ciemal

Centro de Investigaciones
Energéticas, Medioambientales
y Tecnoldgicas

Time for one ad
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Demo Oriented NEutron Source (DONES)

One of the most powerful accelerators in the world:
- 40 MeV deuterons.

- Broad beam profile: 20 cm x 5 cm. ~90m
- 125 mA Liquid lithium neutron
- x2for IFMIF production target {7
Medium Energy £ :
Beam Transport sesterniy MEUIEEY RO
Injector + ECR 5 MeV
100 keV
_ade S A HE beam transport
| 40 MeV
.\\ \\' B¢ =
e SC Linac
40 MeV
RFQ
5 MeV ESFRI facility proposed in Granada
;%{- g?E;EKNﬂg g%‘ﬁ%é';f:«[s%r;?v;AC|ON CNR*24, IAEA 8th - 12th Of JU|y 29




The DONES facility

XY plane

I I—Iﬁ;III

Experiments with
a continuous
neutron beams
after the test cell.

11/
(£=0)
(horizontal)

.

ZY plane
(X=0)
(vertical)

‘\

end 0.1% of the deuteron bearh downwards -

=

Experimenté with pulsed neutron + deuteron beams.
Neutron tlme of fllght facility TOF-DONES
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The TOF-DONES layout
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Neutron flux of TOF DONES
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Summary table of facilities

L E, (n,tot) (n,y) | (n,f) { (n,xn) | (n,n’y) | (n,el) | F.Y. | Act.
185 m :
n_TOF | 20m meV — in X X under under _ X N
GeV progress study study
60 m
3m— | meV-
GELINA 400 m MeV X X X X X X - -
1-40
NFS 40 m MeV X X X X X X X -
0.1-10
nELBE 5m MeV X - X X X X - -
ofl S SRR DRGIER mowcion C‘e""‘e CNR*24, IAEA 8™ — 12 of July 33
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Comparison of the facilities: fluences
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Comparison of the facilities: neutrones / pulse

DONES (20m, 175 kHz)
DONES (10m, 88 kHz) moderated
NFS (20m, 880 kHz)

- = n_TOF-EAR1 (185 m, 0.17 Hz)
= n_TOF-EAR2 (20 m, 0.17 Hz)
========= n_TOF-NEAR (6 m, 0.17 Hz)
. GELINA fast (30m, 800 Hz)

e e e e GELINA moderated (30m, 800 Hz)
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LR-0 reactor at CVREZ
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IGISOL with PI-ICR technique and MR-TOF device

Cyclotron(s) beam line Time-of-flight mass spectometry:

RFQ cooler & buncher

Laser line

Target chamber
w. fission ion
guide

Spectroscopy
line

1 & 3: Isochronous
electrostatic mirrors

2: Drift tube JYFLTRAP
Penning trap

GOBIERNO MINISTERIO
DE ESPANA DE CIENCIA, INNOVACION
Y UNIVERSIDADES
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Measurements
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94,95,96Mo(n,y) and (n,tot) cross section measurements

Multi-facility experiment at GELINA and two n_TOF experimental areas.

« Transmission measurement with enriched pellets at 10 m station of GELINA
« Transmission measurements with natural samples at 50 m station of GELINA
« Capture measurements at n_TOF EAR1 (185 m) and EAR2 (20 m)

" I o T -
(‘%0:06 77777 J
_ -
1 [
Isotope Mass (mg)
94Mo (98.97%) 1,952.6
%Mo (95.40%) 1,974.5

0.0,
1500 1510 1520 1530 1540 1550 1560 1570 1580
Energy (eV)

%Mo (95.90%) 1,917.5

natMo-5 pm 2,014.0

natMo-350 um 1,989.0

# -~ y g T C
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m 241Am(n,f) at n_TOF EAR2

S
2

& UNIVERSITY
of IDANNINA

~10 cm

<— Cathode

Drift volume

Measurement done at EAR2
(~1 kVicm) Micromesh

Specific activity of 241Am: 127 MBg/mg . Micromesh.
Micromegas detectors (MICRO- Mesh S T <
Gaseous Structure) detectors e '
241Am (0.77 mg) + 235U + 238U

Amplification region
(~50 kV/cm)

2 N Neutron
10°E z ; : ; beam

= . : : § Drift direction

= —— n_TOF data cable

E g TP2017-004-07

H § : é : —— ENDF/B-VIII.O TP2017-005-15
—~ 10 = SR I o X% 1 (- R ....... : N S— TP2017-003-09
g : JEFF 3.3 : TP2017-003-08
s H : : : : : : : 241 Am TP2017-003-07
: 238 U TP2017-003-05
s T TR N Y A
g § TP2017-003-03
2 S TP2017-005-12
7] E 004
o E TP2017-004-02
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239Pu(n,v) and (n,f) l 233U(n,n’v), 13N(n’n,V)

CNR*24, IAEA 8" — 12t of July
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239Pu(n,v) and (n,f) I 233U(n,n,V), 13N(n,n,V)

¥ GOBIERNO  MINISTERIO
NNNNNNNNNNNNNNN

No spoiler:

See the talks by A. Sanchez (#%°Pu) and Maélle
Kerveno (inelastic xs measurements)

CNR*24, IAEA 8" — 12t of July
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Fission yield measurements at ILL - Grenoble

Experimental position 1
(straight unfocused beam)
Experimental position 2 -~ /
(refocused beam) ‘

Fission target
position

Reactor core Reactor wall

Light water pool Main magnet

|

Refocusing
\ magnet
Condenser -—
ILL reactor 2% 380 kV im

Thermal neutron flux
at target ~5.10% n/s/cm?

Lohengrin:
Selection in A/qg & E/q
A : mass

g : ionic charge

E : kinetic energy
Flight path : 23 m
Flight time ~ ys

Measurements with an
ionisation chamber

Or with HPGe detectors

(mass yields)

6(0 o
ion beam
-
i'ii Y RS e iOMmol CNR*24, IAEA 8" — 121 of July 43
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Fission yield measurements at ILL - Grenoble

Absolute isotopic yields for 241Pu(ny,,f)
New measurement and analysis protocol

Evaluation of the systematicsof the setup(correlations E-q, target burnup...)
and computation of the experimental variance-covariance matrices

57

[ I§ ‘Exp éiatax 113 T Expl data; w/(; I‘,’,oml unc‘.
4i_ § JEFF-33 || § JEFF-33 ]
= ,; Xe} Mass A = 139:
& | ] All the uncertainties propagated (left)
2 f il Case where the uncertainty of the
SETI B I B normalization the normalization intensity is
obTe. . . [Balia ilTe, . By | equalto zero
51 52 53 54 55 56 57 51 52 53 54 55 56 57
Nuclear charge Nuclear charge
1 [l [l [ [
E s — uncertaintiesmainly coming from nucleal
o L.
£ decay data
o 0
5-05
' S. Julien-Laferriere et al.,
= Phy. Rev. C 102, 034602 (2020)
¥ GOBIERNO MINISTERIO C'.emqe

’X‘-Q DE ESPANA DE CIENCIA, INNOVACION Centro de Investigaciones
éticas, Medioambi
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IGISOL with PI-ICR technique and MR-TOF device

Cyclotron(s) beam line Time-of-flight mass spectometry:

RFQ cooler & buncher

Laser line

Target chamber
w. fission ion
guide

Spectroscopy
line

1 & 3: Isochronous
electrostatic mirrors

2: Drift tube JYFLTRAP
Penning trap

GOBIERNO MINISTERIO
DE ESPANA DE CIENCIA, INNOVACION
Y UNIVERSIDADES
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Fission with PI-ICR technique and MR-TOF device

1000

Counts
1 1 IIIII| 1

1 -

GOBIERNO
DE ESPANA

e HWW?J

A = 104 isobar

25 MeV proton + 232Th = MR-TOFmass spectrum

— Sideband cooling spectrum

104Nb 1O4mNb

104
Ru

104

104
Zr]

10 T

4000 5000 6000 7000 8000
Mass / (Arbitrary units)

*
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Activation cross sections for proton therapy

Isotope Half-life Qg+ (MeV)  Reaction channel Threshold (MeV) = T _=_= A
[ “cpx'c 17.9 S - g
He 20.36 min 0.960 “Npx'c 3.13 Centro Nacional de Aceleradores
Yopx'tc 23.6
PCpx"N : , ) .
BN 9.97 min 1.198 UNpx N 8.93 PhD Thesis of Teresa Rodriguez-Gonzalez.
“op,x "N 5.55 Courtesy of C. Guerrero
14 15
150 122 1.735 161;?”3158 las
— — b — : T. Rodriguez et al., Rad. Phys. Chem. 190 (2022)
N 11 ms 16.316 Clpx) "N 19.6 T. Rodriguez et al., Nucl. Data Sheets 187 (2023)
s/myg 0.925 5.022 “OCa(p,x)**"K 14.0
29 31 29
p 4.14s 3.921 P(p,x)*°P 15.6
1. Single irradiation 2. Positioning 3. PET measurement

Beam

— ==
Foils embedded
in a PE matrix

serving as converter
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Irradiaton facilities

= == n Infraestructuras WCStdOU‘SChCS
—— == Cientificas y ' ;
e Tecnicas = PrOtUnenthefapleZeﬂ"Um
Smgulares ESSB”

Synchrotron
7= N

360° rotating | . - 360° rotating l{
treatm. room treatm. room ‘ \\&‘m\i
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Multi facility experimental campaign
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A few results
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Measurements carried out in SANDA

Y UNIVERSIDADES

. decay | decay | Fission
(p!x) (n5Ch'p') (n,f) (n,lnel) (n!Y) b-n T1/2 ylelds SACS
2C(p,y)"*N "atC(n,Ichp) | #*°U(n,f) 97Au(n,2n) “Mo(n,y) | Ni-75 | "®Ru | #°U | '"Sn
2C(p,x)11C | ™N(n,p)™C | #°Th(n,f) 97Au(n,3n) “Mo(n,y) | Ni-76 | ™*Sm | #'Pa | ®Ni
“N(p,x)"C %O(n,a) | **Pu(n,f) 209Bi(n,3n) Mo(n,y) | Cu-76 | "**Ho
“N(p,x)"®*N | "'C(n,ch.p.) | 2°Pu(n,f) 209Bi(n,4n) 2%Pu(n,y) | Cu-77 | "**Re
“N(p a)''C 2T Am(n,f) | °®Ni(n,2n)/?’Al(n,a) Cu-78 | 2"?Pb
“N(p,y)"*O YF(n,2n)?’Al(n,a) Cu-79 | ?*Ac
'°0(p,0)"*N 239Py(n,n'y) Zn-79 | **’Ra
%0(p,3p3n)"'C 23U(n,n'y) Zn-80
*O(p,x)"'C "“N(n,n'y) Zn-81
0 (p,x)°N BCI(n,n'y) Ga-82
0 (p,x)"°0 7CIn,n'y) Ga-83
12 ) 6 12 ) 12 8 3 3
66
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Measurements proposed in APRENDE

# %!'Q DE ESPANA

(a,n) (ch.p.,xn) [(n,ch.p.)| (n,el) (n,f) (n,inel) (n,y) decay | PFNS F;iseslzjosn
°Be(a,n) |’Li(d,2n)'Be|*°Cl(n,p) | **Fe(n,n) | ***Pu(n,f)| *°Fe(n,n") | **Co(n,y) | °'Br | *°Pu 235
°B(a,n)"*N| ®Li(d,n)'Be | **Cl(n,a) | ®*Cu(n,n) | **'Pu(n,f)| *°Fe(n,n) | ®Cu(ny) | %'Kr | 2°%Cf 233y
27Al(a,n) *Fe(n,a)| ®*Cu(n,n) | #*°pu(n,f) | >*Fe(n,2n) | ®*Cu(n,y) | °°Rb 23%py

208pp(n,n)| >*°Pu(n,f) | >*Fe(n,n’) | "Ag(n,y) | °°Y 243Cm
205pPp(n,n)|2*Am(n,f)| ®Cu(n,n') | "*’Er(n,y) | *°Nb 292¢f
®3Cu(n,n") | "®°Er(n,y)
*Zr(n,n'y) | "*°W(n,y)
9Zr(n,n'y) | **°Bi(n,y)
208Pb(n,n') 232Th(n,y)
206Pb(n,n') 238U(n,v)
?*®U(n,2ny)| **'Pu(n,y)
238U(n,3ny)
3 2 3 5 5 12 11 5 2 5
53
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Production of samples

Ciemal

Centro de Investigaciones
Energéticas, Medioambientales
y Tecnoldgicas

European Research Council
Established by th
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European target laboratories

GSI Boundary conditions:
K-CEN TUD

0
fo)
iu]
Radioactive
JRC ' 36U HIL
GANIL

* For own experiments

‘ IP : .
IJ(c::fal.}os TR ’  With a collaboration
Subatech < PSI @ agreement
IN u[f- )
DISAT

Q Tor “i‘.

4
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Targets prepared for SANDA

IIIIIIIIII
EEEEEEEE

Y UNIVERSIDADES

Isotope Experiment @ Target lab
179Ta TRIGA Mainz PSI
9Se n_TOF PSI
%4Nb n_TOF PSI
%4Nb n_TOF PSI
0Be NL Argonne PSI

50.53Cr n_TOF PSI

50.53Cr n_TOF PSI

239Py n_TOF JRC-Geel
239Py (various) GELINA JRC-Geel
235 (various) NFS JRC-Geel
238 (various) NFS JRC-Geel

CNR*24, IAEA 8" — 12t of July
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Targets produced in SANDA

molecular plating of 1°Be(OH), solution on thin Pt foils at PSI

Backing
1 um, 1.5 ym and 2 um thick Pt foil, @ 7 mm

Deposit
160 pg/cm2 °Be (500 pg/cm2 Be )

0Be target on a 1um
\ Iy | platinum foil that was
E 218 used in the experiment

2, - Ay 4 ‘.‘. ;
‘ Be-10 0

Collaboration with University of York, UK and Argonne National Laboratory, lllinois,
USA.
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Targets produced in SANDA

A 304 mg of high purity 2>Nb wires were
shaped in a spiral pattern at PSI and
afterwards activated at the high-flux nuclear
ILL-Grenoble reactor for 51 days.

The target was then analyzed at PSI by a
customized HPGe gamma-ray spectroscopy
set-up.

%4Nb activity: 10.1 MBq

CNR*24, IAEA 8" — 12t of July 57
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Targets produced in SANDA

238UF, deposits by physical vapour deposition at JRC Geel

Backing

34 ug/cm? polyimide foil

on 1 mm thick Al ring @y, 90 mm
@i, 70 mm

Deposit

238J diameter: 20 mm

238 areal density: 377 ug/cm?
238 mass:1.84 mg

Al layer 87nm. Physical
vapour deposition CEA

Material: 99.998 at% 238U
Deposited layer: UF4

Mass 238U: 4.43 mg

Areal density 238U: 628 ug/cm?
Deposit diameter: 29.96 mm
Physical vapour deposition JRC-
Geel

CNR*24, IAEA 8" — 12t of July 58
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Targets produced in SANDA

1

Deposit
239Py diameter: 20 mm : /.
239Pu areal density: 320-330 pg/cm? 4 ge— £F=/

Backing
20 ym Al foil

239Pu (99.902% pure) targets during [mps
the mounting process at JRC — Geel.

Material provided by
SCK-CEN

2 g of 23%Pu powder
canned in a container,

@ 50mm, thickness 0.5
mm at JRC-Geel.

GOBIERNO MINISTERI [)
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The PROMAS Project (SANDA and APRENDE)

PReparative Offline MAss Separation

Project was submitted in May 2024. soecrometer AN
Project starts: 01.12.2024 g o+
Project ends: 30.11.2025 Fromsna\

Project Budget: 2.250 kCHF \ N

Laser room

Collection

I—I_'Swiss National
Science Foundation

| I
: N *\ 0 V Hot Cells
Z Faraday cage [ /
o

HV Racks

PSI

Directorate

APRENDE
1MCHF 500 kCHF 250 kCHF
‘ Total budget: 2.250 kCHF PAUL SCHERRER INSTITUT

=
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Development of detectors
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Improved y-ray detectors for capture measurements

(n,y) cross section measurements are performed using y-ray detectors. At
n_TOF EAR1 (185 m flight path):

- 40 crystal BaF, Total Absorption Calorimeter
- Various types of C¢Dg liquid scintillators (Al and carbon fibre housing)

ezk-zEy

CNR*24, IAEA 8" — 12t of July
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Extreme counting rate coinditions

2014 -> construction of the EAR2 20 m flight path.

The counting rates in EAR2 are ~300 times larger than counting rates in EAR1
(107 cps). The y-ray detectors designed for EAR1 did not work properly in
EAR2.

[DetN=1 - Amp>1400 | 197 Au(n !V) | Detector L - Measurement 3 | 197Au(n ,Y)
g 5 . . . . . . — — — — — . =. E T T T T | T T T T I T T T T I T T T T | T T T T .:_[
- = © : =
£14000 f"‘J‘Hl . il —— Zone 1 "
3 3 i 1 i o
812000 If 1075 —— Zone 2 E
: - - ; =
10000} : - ey thermal ]
2 s H E 102 =
8000 Zone 1: : Zone2 - .
g ! i e B ]
6000 ;f \\. 103 —
4000 : ,\ - - ]
5006 E / . - 104 =
g "_,_/ : : \-..1 E = =
W : ; P—— ] ]
1 1 1 1 1 1 L | 1 1 1 1 1 1 f 1 1 /| 1 1 1 1 1 = L | | | | | L L I | | 1 s i | '] | | | _|.
855 0.6 0.65 0.7 0.75 0.8 0.85 0 10000 20000 30000 40000 50000
TOF (ms) Amplitude (channels)
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2 Y UNIVERSIDADES éticas, Medioam|




The segmented TED detector (sTED)

Simple idea: use smaller detectors & improved photomultipliers and VD

V. Alcayne et al., A Segmented Total Energy Detector (sSTED) optimized for (n, y) cross-section
measurements at n_TOF EARZ2, Radiat. Phys. Chem. 217, 111525 (2024).

E. Mendoza et al., Neutron capture measurements with high efficiency detectors and the Pulse Height
Weighting Technique, Nucl. Instr. Meth. 1047, 167894 (2023).

-
GOBIERNO  MINISTERIO Ciemal
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Characterisation of the sTED detectors

%‘ """“""""““I""I""I""I"":
? _133Ba _137CS :
tm, ; 03 _207Bi —6OCO B
£ 88y  _AmBe -
o ". ]
é’ b ; ---Simulations ’
10%% “' =
10§ : z
SR Y . P PR P N M B
0 05 1 15 2 25 3 35 4 45
Edep(MeV)

Estimation of the neutron sensitivities ((e, /€,)(I,/T,)) of one sTED module for different
nuclei and resonances. For details see the text.

Isotope E, (eV) % = Exle)- (L IT,)
197 Au 4.91 1.2:107! 1.6-1073 2.0-107*
240py 5.01 8.4-1072 1.6-1073 1.4-10~*
244 Em 7.66 4.9 1.6-1073 8.0-1073
244Cm 86.1 6.6-107! 5.5-107* 3.6-107*
207Bj 12100 22108 1.1-10™* 2.4-107!
207pp 41100 3.7-10? 23:10* 8.4-102
i-i-* SR R woncen  CTOITIOE CNR*24, IAEA 8" — 12t of July 65
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Validation with the reference 197Au(n,y) cross section

x10~°
Q 1 L B L B B L B B LA | ; % e, LU | X '-[ 1 ' ' LENLILILY | ]
2 —Experimental | ] = 1-2 “Eégir'g’gma' !
0 107'% —JEFF-3.3 4 2 4 s _-
2 F —500 keV 38 1 TR :
102 1 8§ 08}
© F 1 o6l
10°E E o
: f 0.4}
-4 ;
107 0.2}
i aul 1
R - i ;
] E ©
SR B | = >
L(\L:‘!- 1 PR pa, P il u\(:_
> ng_ ................................................................. = ﬁ
W 0 g ORIIUL IR ]
10210 1 10 10°.10° 10* 10° ‘10°

1
Neutron energy (eV) Neutron energy (eV)

The sTED are now the standard capture setup for n TOF EAR2. They (9
sTEDs) have been used to measure: °495%Mo(n,y), °Se(n,y), 28:2°2:30Si(n,y),
64Ni(n,y), 1%°Gd(n,y), 2°°Bi(n,y), *6Nd(n,y), °7-98Mo(n,y). 18 more on the way!

* X
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Fission yield detector (FALSTAFF)

ToF

detector

F a&t@fﬁ

Neutron
beam

235 target:

= JRC-Geel (99.94% 235U)

= 195 Ug/cm?2
« F 28 mm
= 1.2 mg
= Ta backing
= Al support G. Bélier courtesy
Courtesy by D. Doré (CEA)
s =0 EER oo ONR'24, IAEA 8" 12" of July o7




235U fission yields measured at NFS

1k

Eneutbin width : 1 MeV

+ En=2 MeV - En=6MeV - En=10MeV H
35 - 3
3= : W = |
g 2 [‘ i 3 i
D |18 . h ; 3 3 i g k
N S R I T S AR SR
' e & o . B . LA AN N
& En = 14 MeV = En=10 MoV . En=20MeV
35 o E.
3 « E- 'ﬂ\ 3 m}%‘ »
25 ' . E b
FoAR LA . i "’;& M
15 | w1l - m I - ol 1 :
1 T :' 3 WL
05 : L z -1 E k-}
W 1 L 3 1 '1.. 3 1 1 'a_ 1
F En=25MeV © En=30MeV IL/IeV
3 M
25 i s 3 (-
kS N AL l » |
A 50 80 700 : : { "} 0 ¢
Res:dual energy (MeV)
g?%%iﬁg gIENéSIEEI'g&,INNOVACION : CN R*24 IAEA 8th 1 2th Of JUly
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BEta-deLayEd Neutron detector (BELEN)

Measurements of B-delayed neutron emission probabilities (Pxn values) are
typically measured with high efficiency detectors (3He) embedded in a moderator

(polyethylene) matrix ;\380 I T IIHIW TTTTT I IllI]] T TTT ll|| !I!I_ll
' =70 = —
&) Total
o N 5 60 TBRIKEN hybrid-140 .7 ggm -
- Maximise the efficiency 2 50 —(uuiy1e) = .
3 — — Ring5 —
- Flat response (€ vs E,) S0 R = Rings
% B0 i T e B o Ring 7 —
2 20 b o A —
jo [ smpiian = ARERETEES A Lol eS|
e e T T T
0 r 'I—[-Ibl-ll.l‘— I-I.I-T-'I-— ._IITI T-‘_l (N I[l| ilil lI

4 3 > : 1
BELEN 20 | BELFN 4:8 - 10 10 10 l 1 35 E (MeV)

v ,,;‘;‘, :I hgmll] \
]

BRIKEN was the world largest moderated
neutron counter for beta-delayed neutrons!

L)
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https://iopscience.iop.org/article/10.1088/1748-0221/12/04/P04006

BELEN with spectrometric capabilities

Bonner spheres (BS) spectrometers is
a widespread technique for neutron

spectrometry. |

— Moderated proportional neutron . mu M
counters. Useful from thermal to M; = [ R;(E)$(E)dE ”/'//////7,’;;////”’/’,’/’/”///]' o”
GeV region. @ ’ '

— |lll-posed linear inverse problem!

— Extensive MC simulations and M; = ) Rijp; [¢]

unfolding algorithms are required

Unfolding algorithm <

Reat-speetrum-(Frue) M gnltude measurement
W: & "... .—0 Z;: :uszUS 0.7 Intermediate region
R NT 0.6 High energy peak
i 0.5 * § - Total
S o4 % MAXED unfolding
=
= o Detector : Data analysis
b 0.2 i .
w W
0.1 2 > & " JA‘
0.0 £ 2 041 MY |
10° 107 10° 10° 10° 10° 10° 10" 10° o+ . ; , : : 0.0, \ '
Neutron Energy (MeV) 0 2 desatmy 10 12 10" 10 10° 10° 10 10° 10° 10° 10° 10° 10' 10 10’
E | MeV —
# g%
% omemo  msrio Ciemat B CNR*24, IAEA 81 — 12t of July 70
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Beta-dELayEd Neutron detector (BELEN)

Best candidate!

o .. . _— Ring | Tubes | R, cm
° ° e
000..":000 [ 1 2 6.38
ooo:o o:ou - —— 5 4 858
'YX N Y X T ————
00:'.':00 — 3 8 11.20
|
ece’ [————— 4 12 14.50
5 16 19.00
6 20 23.50
E 0.162 %FEE, ilmiNiinil 05
o e st s R
o1E i _5_33‘“::—« £03
] R e o2 Efficiency > 50% un to 4 MeV
ooyt — e o Nearly flat response up to 4 MeV!
DDZEJ_'H{” L i o
O"‘Qa“s"’aEnefgy,Me\‘f 0o 1 2 3 4 5 6 7 8 9 10

Energy/MeV

VNIVERSITAT
DGEVALENCIA

CSIC

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

-
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Beta-dELayEd Neutron detector (BELEN)

Nucleus Qpn, MeV <E>, MeV
Cf-252
Br-88
Rb-94
Rb-95
1-137

£ 01 .
E F Entries 40
F Mean 2.108
0.09—
:5" E 252Cf Std Dev  1.655
0.08 ; 252C unfolding
0.07 C ——f— Manhart evaluation
: E sxesdersnitial guess (Maxwell spectrum T=2.0 MeV)
0.06F ——  Unfolded spectrum
0.055"
0.04F
0.03
0.02
0.01F
0:| || 11 11 11 Il 11 weLLLITH
0 1 2 3 4 6 7 8 9 10
Energy/MeV
** i **
% ¥ GOBIERNO MINISTERIO C.emqe * *
DE CIENCIA, INNOVACION Centro de Inv *

" DE ESPANA
<

1.922
3.452
4.883
2.001

213
0.2515
0.4424
0.5295
0.6298

Simulation of virtual decays and

analysis of the data €5 GEANT4

Y UNIVERSIDADES
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Energéticas, Me dloamb s
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Spectrum

Spectrum

A SIMULATION TOOLKIT

Nucleus Ratio <E>
Cf-252 1.019
Br-88 1.033
Rb-94 1.032
Rb-95 1.091
[-137 1.023

0.7 g 04r
C S c
g L
Unfolding results & 0'35: 95 R b
+— Bras-endi71 03 E Unfolding results
«-i--+ [Initial guess Betalntensity 88Br c =—f— Rb95-endfi71
—+}— Unfolded spectrum 0.25 0 =sxiees |nitial guess Betalntensity_95Rb
E —}— Unfolded spectrum
02
0.5
01
0.05F
e SR B nling i » PR
2 25 3 35 0 0.5 1 15 2 25 3 35 4 45 5
EnemwMaV Enerav/MeV
051 g 06
E % L
0.45— r
E 94 R b @ ol 137 I Unfolding results
04F Unfolding results ’ :- } 1137-endf71
E +— Rbod-endi71 «=+i==« Initial guess Betalntensity_1371
0.35
= sesiens [nitial guess Betalntensity_94Rb +— Untolded spectrum
0.3F —}— Unfolded spectrum
025 =
0.2
015
01E
0.05— :
oF i L H|H.w.‘.‘ ] ] | I ]

3.5
EnergnysV
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PAUL SCHERRER INSTITUT

= Evaluation and modelling

Improvements of TALYS & EMPIRE
 New OMP developed by P. Romain.

« New photon strength functions based on QRPA (S. Goriely, S. Hilaire, S.
Peru)

« Evaluation of the high energy part of 235238 and 23°Pu.

_ n+™Pu
Courtesy of S. Hilaire
and G. Noguere
L . ,
» Actinides like 235238U, 239Py, 23%Np and g 2| ’ 28
241Am (CEA/DEN, CEA/DAM/DIF, CNRS) gl.s_ P
» Fission fragments Sm, Nd, Cs, Mo, Ru, Eu, ¢ AIEA sand
Gd, Rh: CEA/DEN, PSI) g e g D
« New Cr evaluations (U Uppsala) I N | T
- Light elements 160, %Be (TU Wien) i oo
!
Evaluations will be part of JEFF-4 010 AP
Energie Neutron (MeV)
L e e oue CiOmOE CNR*24, IAEA 8 — 121" of July 74

2 =




Alpha

1

Evaluation and modelling: 23°Pu

4
<

Courtesy of G. Noguere

Z.Olll T T ||||||| T T T TTTT T T ||||||
- > Gwin (1971)
+ Bracks (1966)
1.5 o Ryabay (1976) *7
» Erradi (2002)

® Duran (2022,
— This wark

_0.5||| _ L

GOBIERNO
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107

Incident neutron energy (eV)
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1.020
1.010
1.000
0.990

0.9801

2.7 " T

~ 2.5

0—2

— Better trend as a function of EALF
1077 10°

EALF (&V)

IIIIIII

IIIIIII T T

—— JEFF=3.2

(o]

@ 2.3 This work

& 2.1

o 1.9

Y17

ﬂ 1 L1111 I I_
1 51 072 107 10° 1!51
Inciden neutron energy (V)
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Validation & sensitivity analyses
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Nuclear data needs for advanced reactor designs

4 gﬁfferent advanced reactor technologies are being explored in Europe:

MYRRHA
Pb/Bi-cooled

/) Accelerator Driven ALFRED
I/ System that can Pb-cooled critical
also be operated reactor.
in critical mode. ~ 300 MW,
< 100 MWy,
ASTRID
w || Na-cooled critical
&  reactor. ALEGRO
% ~ 1500 MW, Gg_s-cooled fast
< ESFR critical reactor.

Na-cooled critical ~ 75 MWy,

reactor.
~ 3600 MW,

RN
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Y UNIVERSIDADES
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Contribution to the uncertainty due to nuclear data

Uncertainties due to nuclear data

SYSTEM Kess Unc ND (%) TA
These four examples of ESFR 1.00499(9) 1.04% 0.2 %
different systems do not . .
meet the target accuracy ~ ASTRID  1.00779(8) 0.97% 0.2 %
for the ket because of the ~ ALFRED  0.99904(10) 0.877% 0.435%
uncertainty due to
nuclear data. MYRRHA  1.01542(3) 0.76% 0.3%

Uncertainty contributions to keff

0.4 I_I . : B -
0.0 0 .l .. ll .I Il ._l

mESFR wASTRID =ALFRED mMYRRHA



23°Py (n,f) 22°Pu (n,f) -

240Py (n,f) 24°Pu (n,f) -

1

240Py (n,f) 24°Pu (n,y) -

239Py Vorompt 239Py Vorompt

209Bj (n,n) 2°9Bi (n,n) - B ENDF/B8.0
mmm JEFF3.3
239PY Yot 23°PU Yior - M JENDL40U

b

MYRRHA
Different covariance
matrix libraries result
in very different
estimates of the
contribution of different
reaction channels to
the uncertainty due to
nuclear data.

239Pu (n'Y) 239Pu (n"v) -

240Pu (nly) 240Pu (n’Y) -

239Pu \)tOt 239Pu \)tOt -

238U (n'n') 238U (n'n') -

Ly

—0.4 - Contribution due to ND to the keff (%) 24 0.6

)



Significant differences in the covariance matrices

Correlation Correlation
10 peV 1 meV 100 meV 10 eV 1keV 10 keV 1 MeV 10 peV 1 meV 100 meV 10 eV 1keV 10 keV 1 MeV
| | | | | | | | 1 | ! 1 | | | 1 | 1
10 MeV —| 10 Mev ! 10 MeV —
1 MeV — —1 MeV U'B 1 MeV —
100 keV/ 100 keV 100 keV/ —
05
10 keV | 10 kev 10 keV/ |
| |
" 1 keV — -1 keV 1 ke - = == 1 keV
£ 02 ®
"
S 100 eV [-100 eV E 100 eV - 1 100 ev
h.. ./
¢ ~
© 4
s 10 eV — ': =10 ev Q 10 ev— 10 eV
E it
g <
= 1ev 1ev s 16V ~1eV
100 meV 100 meV 100 meV 100 meV
10 meV 10 meV 10 meV 10 meV
1 meV —1 meV 1 v 1 v
me —1me
-0,8
100 peV 100 peV
100 peV 100 peV
10 pev T T T T T T T T 10 peV
10 pev 1 meV 100 meV 10 eV 1keV 10 keV 1 MeV 10 eV T T T T T T T 10keV

10 peVv 1 meV 100 meV 10 eV 1keV 10 keV 1 MeV

MAT 9437, MT 102 MAT 9437, MT 102

JENDL-4.0u: 23%Pu (n,f) (n,y) JEFF-3.3: 239Pu (n,f) (n,y)

-
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Integral experiments at LR-0
| E, [SACS [mb]IRel. unc.| Eval./[E-1 |

. 115 v )
SACS measured in LR-0 corrected BULUWLYN 0589 2093 270%  -10.30%
to 2351 PENS LN JRN 3.647 17.97 2.00% -0.70%

FAONOM 4.036  38.21 5.30% 1.80%
IAGKOM 4.051  106.1 220%  2.00%

1.0 L ALt _| Ay
| | ' F“Illllllq MU
0or Z\P?LVQCSQSTJ%”JL“ e o+ BEAIFIOOM 8125 1412 4.60% | 260%
' r

--------- TS NG 8471 0.6764  2.30%  3.60%

1.0

I A \ Qi M I 9737 00234 350%  4.00%

=1 - ZAl(n,tot) ;3*3u(n,tot HJ 28 197Au(n,2n) 10.414 3.372 4.00% 0.40%
T s 1w e w2 **Nb(n,2n)** EFILY RN TE TS 3.10% Ll
Neutron Energy (MeV) m- 11.459 1.177 4.00% 1.80%

TR0 0705 02324 | 450%  0.00%

Egiiz%hez .. UJV Group 7S(n,2n) 12.797 0.3228 4.30% -1.10%
.. PEOPLE | INNOVATION | TECHNOLOGY Y(n 2n) 1 3 797 0. 1 698 3.20% 0.80%

JA(0PI0 13.911 0.00769 4.00%  5.90%
i BP0 1432 0.1053  4.00%  -0.70%

M15.483 0.00394 4.80%  -1.90%

13 " LR-0 in-core spectrum overmu(n fPFNS' Fe(n,p) 4.294 78.33 2.40% -0.30%
g liadss opasteblstosisy o YW 519 6938 220%  -3.60%
g \ET{T;I! (IS A 2 Al 5.862 10.72 2.20% 7.40%
0 S e o Nl(n p) 6.811 2.086 8.50% 4.50%
g M M;’j::;?;ff:j; ] 5 7019 05009 2.90%  3.30%
: ) 'iu.lu 'I'I i > 7205 08707 10.50%  -0.70%
A T PO 7362 1.05 2.60%  2.80%
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%
g
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Benchmarking

ALARM-CF-NI-SHIELD-001 “Neutron Activation 3% || —_[hor/SVIlO —INDEN = ——JEFF3.3
Foils and Fast Neutron Leakage Spectra from Nickel 20%
Sphere with 252Cf Source in the Center”

ALARM-CF-FE-SHIELD-002 “Neutron Activation ~ ***
Foils and Fast Neutron Leakage Spectra from Iron 0%

Sphere with 252Cf Source in the Center” ?
11 H H - O%
ALARM-CF-SST-SHIELD-001 “Neutron Activation
Foils and Fast Neutron Leakage Spectra from a -20%
i : 252 i
Stainless Steel 321 Block with a 252Cf Source in the 0 320 50x50x50cm
Center.” -30%
0 2 4 6 8 10 12
30% Energy [MeV]
50%
20% — — R
~ | Fe D=50 ENDF/B
10% 40% VIILO
o INDEN
0% 30%
20%
— -10% o
(NN} 00
T -20% D/
0%
-30%
40% —_—_ENDF/BVIILO ——JEFF3.3 -10%
——JENDL-4 ——UNC 0%
-50%
o 1 2 3 4 5 6 7 8 9 10 11 12  -30%
Energy [MeV] o 1 2 3 4 5 6 7 8 9 10 11 12
Energy [MeV]
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Summary & conclusions

High-quality nuclear data are essential for ensuring the safety and
optimal operation of existing nuclear reactors, managing nuclear
waste, designing news systems, and for many non-energy nuclear
applications.

Europe has a rather large inter-disciplinary Nuclear Data community,
which has benefited from several EURATOM projects since FPG6,
among which EUROTRANS/ NUDATRA, ANDES, EUFRAT, ERINDA,
CHANDA, and now SANDA, ARIEL and now APRENDE (2024 —
2028).

The community is well organized and has strong links with the
International Agencies (IAEA, NEA/OECD) and JEFF.

The amount of work carried out in the EC ND projects is huge.

However, the situation is precarious, since it depends mainly on the
variable (and underfinanced) EURATOM calls for its funding.
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Nuclear data projects in Europe

HINDAS (16) IP-EUROTRANS (~20) CHANDA (36) || APRENDE (36+4)
KU-Leuven 3.3 M€ KIT ~1 M€ NUDATRA CIEMAT ~5.4 M€ CIEMAT ~4 M€

2000 - 2003 2005 - 2010 2013 - 2018 2024 — 2028

High and EUROpean research programme | | solving Addressing
Intermediate energy || for the CHAllenges in PRiorities of

Nuclear TRANSmutation Nuclear Evaulated

Data for of high-level nuclear waste DAta Nuclear
Accelerator-driven in an accelerator driven systems Data in

Systems Europe

National funding + Transnational access programs (ERINDA, EUFRAT,
ARIEL, OFFERR, EURO-LABS) + Education & training (ARIEL, ENEN2+)

n TOF-ADS (18) || CANDIDE (14) || ANDES (21) SANDA (36)

CERN 2.4 M€ UU ~1 M€ CIEMAT ~3 M€ CIEMAT ~5.4 M€

2000 — 2004 2007 - 2008 2010 - 2013 2019 - 2024

Data for Coordination Coordination Supplying

Accelerator Action on Accurate Accurate

Driven Nuclear Nuclear Nuclear

Systems Data for Data for nuclear Data for energy and

nucleard data Industrial Energy non-energy
Development in Sustainability Applications
Europe
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https://cordis.europa.eu/project/id/FIKW-CT-2000-00031
https://cordis.europa.eu/project/id/FIKW-CT-2000-00107
https://cordis.europa.eu/project/id/516520/it
https://cordis.europa.eu/project/id/36397
Accurate%20Nuclear%20Data%20for%20nuclear%20Energy%20Sustainability
https://cordis.europa.eu/project/id/605203/es
https://cordis.europa.eu/project/id/847552/es

Towards a European ND program

-
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Towards a sustainable European ND program

Mobilization of Member States representatives for the inclusion of a
new nuclear data project in HORIZON-EURATOM-2023-NRT-01-06
-> APRENDE project.

Joint effort between IAEA and NuPECC (preparing the long-range
plan 2024). Organisation of Consultants’ Meeting on
Comprehensive European plan to acquire and curate nuclear
data with invited participants representing nuclear physics research
and EU ND community.

Side event at the IAEA 2023 conference on Providing the Best
Nuclear Data for Tomorrow’s Nuclear Solutions: Challenges
and Opportunities.

NuPECC long-range plan will emphasise the importance of
mastering the complete ND cycle and maintain the competences.
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Towards a sustainable European ND program (ii)

A European ND program (similar to the one existing in the USA) is needed:

- Bring together ND providers, database managers and stakeholders from all the
domains needing ND to discuss current needs.

- Ensure the coordination of the work done by the ND community in Europe,
identifying challenges and opportunities, and guarantying that ND end up in
nuclear databases.

- Support key infrastructures for the production of ND.

- Ensure that a sufficient workforce is available, in particular for evaluation.

- Invest in education and training to bring new people into the nuclear data
community.

- Ensure the liaison with international partners and agencies (NEA, IAEA).
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The SANDA participants

CENTRO DE INVESTIGACIONES ENERGETICAS (Coordinator), KARLSRUHER INSTITUT FUER TECHNOLOGIE

MEDIOAMBIENTALES Y TECNOLOGICAS-CIEMAT USTAV JADERNE FYZIKY AV CR

Magyar Tudomanyos Akademia Atommagkutato Intezete NPL MANAGEMENT LIMITED

COMMISSARIAT A L ENERGIE ATOMIQUE ET AUX ENERGIES NUCLEAR RESEARCH AND CONSULTANCY GROUP
ALTERNATIVES NATIONAL TECHNICAL UNIVERSITY OF ATHENS - NTUA
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH PAUL SCHERRER INSTITUT

CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE CNRS  PHYSIKALISCH-TECHNISCHE BUNDESANSTALT
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES STUDIECENTRUM VOOR KERENERGIE/ CENTRE D ETUDE DE L

CIENTIFICAS ENERGIE NUCLEAIRE

CENTRUM VYZKUMU REZ S.R.O. SOFIISKI UNIVERSITET SVETI KLIMENT OHRIDSKI
AGENZIA NAZIONALE PER LE NUOVE TECNOLOGIE, L'ENERGIA TECHNISCHE UNIVERSITAET WIEN

E LO SVILUPPO ECONOMICO SOSTENIBILE UNIVERSITATEA DIN BUCURESTI
HELMHOLTZ-ZENTRUM DRESDEN-ROSSENDORF EV UNIWERSYTET LODZKI

INSTITUTUL NATIONAL DE CERCETARE -DEZVOLTARE PENTRU JOHANNES GUTENBERG-UNIVERSITAT MAINZ
FIZICA SI INGINERIE NUCLEARA "HORIA HULUBEI" (IFIN-HH) THE UNIVERSITY OF MANCHESTER
INSTITUT DE RADIOPROTECTION ET DE SURETE NUCLEAIRE  PANEPISTIMIO IOANNINON

ASSOCIACAO DO INSTITUTO SUPERIOR TECNICO PARA A UNIVERSITAT POLITECNICA DE CATALUNYA
INVESTIGACAO E DESENVOLVIMENTO UNIVERSIDAD POLITECNICA DE MADRID

JRC -JOINT RESEARCH CENTRE- EUROPEAN COMMISSION UNIVERSIDAD DE SANTIAGO DE COMPOSTELA
INSTITUT JOZEF STEFAN UNIVERSIDAD DE SEVILLA

JYVASKYLAN YLIOPISTO UPPSALA UNIVERSITET
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The APRENDE participants

Centro de Investigaciones Energéticas, Medioambientales y Tecnoldgicas Physikalisch-technische Bundesanstalt
(Coordinator) Studiecentrum voor Kernenergie/Centre d'etude de I'Energie Nucleaire

Atommagkutato Intezet
Commissariat a 'Energie Atomique et aux Energies Alternatives
Organisation Europeenne pour la Recherche Nucleaire
Centrum Vyzkumu Rez sro
Agenzia nazionale per le nuove tecnologie, I'energia e lo sviluppo
economico sostenible
European Spallation Source Eric
Grand Accelerateur National d'ions Lourds
Helmholtz-Zentrum Dresden-Rossendorf EV
Agencia Estatal Consejo Superior de Investigaciones Cientificas
Institutul National de Cercetare-dezvoltare pentru fizica si inginerie

nucleara-horia Hulubei

Istituto nazionale di fisica nucleare

Institut de radioprotection et de surete nucleaire
Institut Jozef Stefan
Karlsruher Institut fuer Technologie
LGI sustainable innovation
Nuclear research and consultancy group

Ethnicon metsovion polytechnion
Institut Mines Telecom

Institut Polytechnique de Grenoble

JRC -Joint Research Centre- European Commission

Ciema
Centro de Investigaciones
Energéticas, Medioambientales
y Tecnolgicas

MINISTERIO
DE CIENCIA, INNOVACION
Y UNIVERSIDADES
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Slovenska Technicka Univerzita v Bratislave
Technische Universitaet Wien
Universitatea din Bucuresti
Rijksuniversiteit Groningen
Panepistimio loanninon
Jyvaskylan Yliopisto
Uniwersytet lodzki
Faculty of natural sciences and mathematics, university of Maribor
Universitat Politecnica de Catalunya
Universidad Politecnica de Madrid
Universidad de Sevilla
Sofia University St Kliment Ohridski
Uppsala Universitet
Ecole Polytechnique Federale de Lausanne
Paul Scherrer Institut
United Kingdom atomic energy authority
NPL management limited
The University of Edinburgh
European Nuclear Education Network
Centre National de la Recherche Scientifique
Nantes Université
Paul Scherrer Institut
Ecole Politechnique de Lausanne
National Physical Laboratory
University of Edinbourgh
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Announcement: ND2025 in Madrid

L 220-27% JUNE | MADRID 2025

¢ : &16™ NUCLEAR DATA FO SF#C
6}? AND TECHNOLOGY CO R

An excellent conference for presenting your work!
https://www.nd2025madrid.com/

Abstract submission is open!
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https://www.nd2025madrid.com/
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More about it in...

Nuclear Science for the Manhattan Project and
Comparison to Today’s ENDF Data
by M. B Chadwick
Nuclear Technology 207 (2021)

hitps://doi.org/10.1080/00295450.2021.1901002
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Liquid Pb-loop

Single pulse to 400 kHz micropulse rate
source strength 6 - 10! n/s

elec

SRF injector for photo neutron production
variable repetition rate

bunch charge up to 300 pC

kicker for parallel operation of neutron tof
with high repetition rate experiments at ELBE

T

"

|
111

CAD design: Armin Winter
E. Altstadt et al., Ann. Nucl. Energy 34 (2007) 36

Ciemal
‘Centro de Investigaciones
Energéticas, Medioambientales
y Tecnolgicas
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http://dx.doi.org/10.1016/j.anucene.2006.11.005

The PROMAS program

Mass-separated radionuclides for fundamental o APRENDE

nuclear sciences

Mass separated medically relevant
radionuclides

@ RILIS Development

. PROMAS _ _
\ v| | Auger-electron emitters: thin targets and

\ spectroscopy

Low-energy ion beams for superheavy
element research

Vl 'Sources for Méssbauer spectroscopy

-
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PROMAS project timeline

1

GOBIERNO
DE ESPANA

Develop and improve versatile ion source
schemes

Installation in the radioactive zone (interim)

. : Site preparation in the hotlab (Pu-zone) is in

A high-resolution mass separator Swiss D issioning Fund diti
lution > 1000) progress (Swiss Decommissioning Fund), and it is

(mass resolu expected to be ready in 2028.

Suitable ion collector Test experiments

Proposed first-generation experiments:

39Ar’ 135cs’ 40K, 150Gd’ 205pp

lon optical elements

Dedicated vacuum system (10-6-10-7 mbar)

The infrastructure will be accessible to national and international academic research
scientist.
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Characterisation of the sTED detectors

Experimental deposited energy spectra in one sTED module (Exp.-Back.) with
background subtracted (Back.) and simulated with NuDEX+Geant4 (MC) for
197Au(n,y) cascades.

97Au(n,y)

D I L B L L L L
= 10} =
= — Exp. - Back. 3
o 4 — Back. i
© 1 =
N~ 0 M, asssass MC 7]
2 i
< 10 5 E
3 - -
107 T
10°F E
4: Wl

10—5—..1.1..1.1...@.1 ’I
0 1 2 3 8
dep MeV)
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Multi-foil activation with PET scanner

Probability distribution (a.u.)

1k

1. Single irradiation 2. Positioning

Beam _/_/_7_7_/”/
A /
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Foils embedded
in a PE matrix
serving as converter

3. PET measurement
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Multi-foil activation with PET scanner

1. Single irradiation 2. Positioning 3. PET measurement

Beam " .

Foils embedded
in a PE matrix
serving as converter
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Pb nuclear data
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1.008
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Control rod worth (C/E)
o
o

0.55
0.5

1

>1000 pcm overestimation in keff.

About 500 pcm difference

between nuclear data libraries.

ENDF/B-7r1

JEFF-3.2 JEFF-3.1.1 JENDL-4.0

~0.85 C/E ratio in the reactivity
worth of control rods

ENDF/B-7r1

JEFF-3.2

JEFF-3.1.1

JENDL-4.0
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®  VENUS-F mockup reactor
during the FREYA project |

V. Bécares y D. Villamarin, Resultados experimentales del
proyecto FREYA dedicados al disefio y licenciamiento de
MYRRHA/FASTEF.
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