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GeneralitiesGeneralities

ExampleExample of of experimentalexperimental activityactivity: : n_TOFn_TOF at CERNat CERN

FromFrom experimentalexperimental data data toto evaluatedevaluated data data librarieslibraries

Nuclear Physics, Astrophysics, Nuclear Physics, Astrophysics, 
and Advanced Technologies and Advanced Technologies 
with Neutronswith Neutrons
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particle detectorparticle detector

beam monitorbeam monitorsamplesample
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Neutron induced reactionsNeutron induced reactions

www.cern.ch/n_TOF



ObjectivesObjectives

Nuclear AstrophysicsNuclear Astrophysics

Nuclear Technologies Nuclear Technologies 
advanced reactors, nuclear waste transmutation, etc.advanced reactors, nuclear waste transmutation, etc.

Neutrons as probes for fundamental Nuclear PhysicsNeutrons as probes for fundamental Nuclear Physics



www.cern.ch/n_TOF alberto.mengoni@cern.ch

neutrons
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The canonical s-process

direct correlation between direct correlation between 
neutron capture cross section neutron capture cross section 
and abundance: and abundance: 

σσ(n,(n,γγ) ) ·· N = const.N = const.

NNucleosynthesisucleosynthesis: the : the ss--processprocess

>>>>



Energy generation and Energy generation and 
NNucleosynthesisucleosynthesis: : notnot onlyonly in in starsstars! ! 

The The CanduCandu QinshanQinshan Nuclear Power PlantNuclear Power Plant



NucleosynthesisNucleosynthesis: TRU    : TRU    (1000 (1000 MWMWee LWR)LWR)

239Pu: 125 Kg/yr

237Np: 16 Kg/yr

241Am:11.6 Kg/yr
243Am:  4.8 Kg/yr

244Cm
1.5 Kg/yr

LLFP

LLFP
76.2 Kg/yr

source: Actinide and Fission Product Partitioning and Transmutation – NEA (1999)



ThTh/U /U fuelfuel cyclecycle

www.cern.ch/n_TOF



AADS (DS (AcceleratorAccelerator DrivenDriven SystemsSystems))

Zen-ADS

AcceleratorAccelerator
protons   

Reactor   neutrons 
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CERN accelerator ComplexCERN accelerator Complex

Linac(s): up to 50 MeV PSB: up to 1 GeV PS: up to 24 GeV

nn_TOF_TOF

The n_TOF Collaboration



The The nn_TOF_TOF facilityfacility at CERNat CERN

www.cern.ch/n_TOF The n_TOF Collaboration



nn_TOF basic parameters_TOF basic parameters

5 cm5 cmmoderator moderator thicknessthickness in the exit facein the exit face

2 cm (FWHM)2 cm (FWHM)neutronneutron beambeam dimensiondimension in EARin EAR--11
((capturecapture mode)mode)

HH22OOcoolingcooling & & moderationmoderation materialmaterial

20 GeV/c20 GeV/cproton beam momentumproton beam momentum

80x80x60 cm80x80x60 cm33leadlead target target dimensionsdimensions

300300n/pn/p

6 6 nsns ((rmsrms))pulsepulse widthwidth

1 1 pulsepulse/2.4s/2.4srepetitionrepetition frequencyfrequency

7 x 107 x 1012  12  protonsprotons//pulsepulseintensity intensity ((dedicateddedicated mode)mode)

The n_TOF Collaborationwww.cern.ch/n_TOF



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
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Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution

232Th(n,γ)

small samplessmall samples



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution

236U(n,f)
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Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution

93Zr(n,γ)



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
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Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

U Abbondanno et al. (The n_TOF Collaboration)
Phys. Rev. Lett. 93 (2004), 161103

&
S Marrone et al. (The n_TOF Collaboration)

Phys. Rev. C 7373 03604 (2006)
151Sm(n,γ)



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

237Np(n,γ)
D Cano-Ott, et al. (The n_TOF Collaboration)

ND2004 Conference, Santa Fe, NM – Sept. 2004



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity

C6D6
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Neutron beam

Sample 
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Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity

sample changer and beam pipe 
made out of carbon fiber



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity
highhigh--efficiency detectors (TAC)efficiency detectors (TAC)

sample

• 40 BaF2 crystals
• high detection efficiency ≈100%
• good energy resolution

more >>more >>



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity
highhigh--efficiency detectors (TAC)efficiency detectors (TAC)

240Pu(n,γ)
C Guerrero et al. (The n_TOF Collaboration)

ND2007 Conference, Nice, France, April 2007



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity
highhigh--efficiency detectors (TAC)efficiency detectors (TAC)
advanced advanced daqdaq systemsystem

R Plag et al. (The n_TOF Collaboration)
NIMA 538 (2005) 693



Basic characteristics of Basic characteristics of 
experiments at experiments at nn_TOF _TOF 

The n_TOF Collaborationwww.cern.ch/n_TOF

wide energy rangewide energy range
high neutron flux & high neutron flux & 
high energy resolutionhigh energy resolution
low repetition rate low repetition rate 
of the proton driverof the proton driver
low background conditionslow background conditions

detectors with extremely detectors with extremely 
low neutron sensitivitylow neutron sensitivity
highhigh--efficiency detectors (TAC)efficiency detectors (TAC)
advanced advanced daqdaq systemsystem

n_TOF beam characteristicsn_TOF beam characteristics
and experimental setupand experimental setup
proved to be a unique proved to be a unique 

combination for high combination for high 
accuracy measurementsaccuracy measurements



nn_TOF experiments_TOF experimentsCCaptureapture
151151SmSm
204,206,207,208204,206,207,208Pb, Pb, 209209BiBi
232232ThTh
24,25,2624,25,26MgMg
90,91,92,94,9690,91,92,94,96Zr, Zr, 9393ZrZr
139139LaLa
186,187,188186,187,188OsOs
233,234233,234UU
237237NpNp,,240240Pu,Pu,243243AmAm

FFissionission
233,234,235,236,238233,234,235,236,238UU
232232ThTh
209209BiBi
237237NpNp
241,243241,243Am, Am, 245245CmCm

MMeasurements of easurements of neutron cross sections neutron cross sections 
relevant for Nuclear Waste Transmutation and relevant for Nuclear Waste Transmutation and 
related Nuclear Technologiesrelated Nuclear Technologies

ThTh/U /U fuelfuel cyclecycle ((capturecapture & & fissionfission))
TransmutationTransmutation of MA (of MA (capturecapture & & fissionfission))
TransmutationTransmutation of FP (of FP (capturecapture))

CCross sections relevant for Nuclear ross sections relevant for Nuclear 
AstrophysicsAstrophysics

ss--processprocess: : branchingsbranchings
ss--processprocess: : presolarpresolar grainsgrains

NNeutrons as probes for fundamental Nuclear eutrons as probes for fundamental Nuclear 
PhysicsPhysics

NuclearNuclear levellevel density & density & nn--nucleusnucleus
interactioninteraction

The n_TOF Collaboration



NuclearNuclear ReactionsReactions & Data & Data LibrariesLibraries

Experimental Nuclear DataExperimental Nuclear Data Nuclear TheoryNuclear Theory

Nuclear Data EvaluationNuclear Data EvaluationNuclear Data Evaluation

Evaluated Nuclear Data FilesEvaluated Nuclear Data FilesEvaluated Nuclear Data Files

USERS

Applications

USERSUSERS

ApplicationsApplications
a.mengoni@iaea.org



Evaluated Data LibrariesEvaluated Data Libraries

Evaluated data sets are produced through the process of critical
comparison, selection renormalization and averaging of the 
available experimental data, normally complemented by nuclear 
model calculations. 

Evaluated Libraries are computer files of evaluated data which, 
appropriately processed, form the input data to computations for
a wide variety of nuclear science and technology applications. 
Each of these evaluated libraries may consist of individual 
evaluated data sets for several hundred isotopes or elements 
(commonly referred to as 'materials').



Data Data LibrariesLibraries

wwwwww--nds.iaea.orgnds.iaea.org



Major Evaluated Nuclear Data libraries available for display & retrieval:

Data Data LibrariesLibraries

wwwwww--nds.iaea.orgnds.iaea.org



The EndThe End
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nn_TOF experiments_TOF experiments
232Th(n,γ)

The n_TOF Collaboration

ThTh/U nuclear fuel cycle/U nuclear fuel cycle



CCaptureapture
151151SmSm
204,206,207,208204,206,207,208Pb, Pb, 209209BiBi
232232ThTh
24,25,2624,25,26MgMg
90,91,92,94,9690,91,92,94,96Zr, Zr, 9393ZrZr
139139LaLa
186,187,188186,187,188OsOs
233,234233,234UU
237237NpNp,,240240Pu,Pu,243243AmAm

FissionFission
233,234,235,236,238233,234,235,236,238UU
232232ThTh
209209BiBi
237237NpNp
241,243241,243Am, Am, 245245CmCm

nn_TOF experiments_TOF experiments
F Gunsing, et al. - The n_TOF Collaboration

ND2004 Conference, Santa Fe, NM – Sept. 2004232Th(n,γ)

The n_TOF Collaboration

extremely highextremely high--resolution data!resolution data!
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nn_TOF experiments_TOF experiments
F Gunsing, et al. - The n_TOF Collaboration

ND2004 Conference, Santa Fe, NM – Sept. 2004
&

G Aerts et al. (The n_TOF Collaboration)
Phys. Rev. C 73, 054610 (2006)

232Th(n,γ)

The n_TOF Collaboration
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F Gunsing, et al. - The n_TOF Collaboration

ND2004 Conference, Santa Fe, NM – Sept. 2004
&

G Aerts et al. (The n_TOF Collaboration)
Phys. Rev. C 73, 054610 (2006)

232Th(n,γ)

The n_TOF Collaboration

For En = 4 keV up to 1 MeV full dataset 
is available on the PRC publication 
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F Gunsing, et al. - The n_TOF Collaboration

analysis in progress

232Th(n,γ)

The n_TOF Collaboration
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232Th(n,γ)

The n_TOF Collaboration

ss--wave resonanceswave resonances



The n_TOF Collaboration
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