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n_TOF measurements at a glance
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Stellar nucleosynthesis

s-process nucleosynthesis: neutron captures and successive [3-decays

Along the [-stability valley

The abundance of elements in the Universe v
depends on: *
 thermodinamic conditions in stars 63Cuy
(temperture and neutron density) 69.
* neutron capture cross-sections
60Nl 1Nl 62Nli 64Ni
26% 1.14% 3.63% 0.93%
c(n,y) is a key quantity socq
1

— T 7%

Need of new and accurate neutron capture cross-sections:
* refine models of stellar nucleosynthesis in the Universe;
* obtain information on the stellar environment and evolution
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The nuclear waste problem

Cm242 | Cm 243 244,245Cm

1.5 Kg/yr

241Am:11.6 Kg/yr
283Am: 4.8 Kg/yr

239py: 125 Kg/yr
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40510 | LLFP
LA | ‘ 76.2 Kg/yr

aor | LLFP Quantities refer to yearly production in 1 GW, LW reactor
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The n_TOF facility at CERN

/n_TOF is a spallation neutron\
source based on 20 GeV/c
protons from the CERN PS
20 GeV hitting a Pb block (~360
Proton beam
neutrons per proton).

\Experimental area at 200 m. J
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n_TOF essentials J

The advange of n_TOF are a direct consequence of the characteristics of the PS
proton beam: high energy, high peak current, low duty cycle.
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Capture collimator (18 mm)
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Neutron Flux (Edd/dE/Pulse)

Dips due to aluminum
along the beam line
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Main feature: very high instantaneous
neutron flux (10> n/cm?/pulse):

* convenient for radioactive isotopes (maximizes
signal-to-background ratio)

* ideal for branching point isotopes
(Astrophysics) and actinides (nuclear
technology)

o s s S S S S S S S S S B S B B S B B S B B e B S .

Other features

* high resolution in energy (AE/E = 10%)
study resonances

all data at once

* low repetition rate (< 0.8 H2)
no wrap-around

I
I
I
I
I
I
* wide energy range (25 meV<E, <1GeV) |
I
I
I
I
I
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The spallation target(s)

Phase 1: 2001 — 2004

Phase 2: 2008 — 2012
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The capture reactions

Capture reactions are measured by detecting y-rays emitted in the de-excitation process.

At n_TOF, built two different systems, to minimize different types of background

¢ C¢Dg (deuterated liquid scintillators)
* |ow neutron sensitivity device

Total Absorption Calorimeter (TAC)

* High-efficiency 4m detector (40 BaF, E>
scintillators with neutron shielding)
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The fission reactions

Micromegas chamber

* low-noice, high-gain, radiation-hard detector

Parallel Plate Avalanche Counters (PPAC)
<1« Fission fragments detected in coincidence

* Very good rejection of a-background

Other detectors, for (n,o) reactions: sCVD diamonds and GEMs
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The n_TOF activity J

Capture

Phase 1 (2001-2004) Phase 2 (2008-2012)

37 isotopes (12 radioactive)
Capture Capture
24,25,26/\|g 25Mg, 54,56,57F@ Fission
90,91,92,94,967 937 58,60.62yj, 63, 88 16 isotopes (15 radioactive)
186,187,18805’ 139'.3, 1515m 236’238U, 241Am
204,206,207,208p}, 209 Papers: >50
232Th, 233,234 FiSSion Other pUbeicationS: >150
237, 240py, 243Am 240,242py Data available on EXFOR
233U(n,y/f)
Fission 232 2341 237
FFTh ! d'U Np NB: for the applicative aspects,
232Th, 209Bi (FF ang. distr.) the INFN group in n_TOF receives
233,234,235,236| since 2001, financial support
_(ﬂ,ﬁ)_ from the European Commission.
237N, 24,2437, 295Cm
33, 59Nj
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Branching point isotopes: the °1Sm case

1>1Sm (T,,,=90 y) is a branching point in the s-process nucleosynthesis

— e il

s-Process

The branching ratio for **Sm depends on:

* Termodynamical condition of the stellar
site (temperature, neutron density, etc...)

* Cross-section of **1Sm(n,y)

151Sm used as stellar thermometer !!
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The n_TOF results on >1Sm
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n_TOF results provided strong evidence of thermal pulsing in AGB stars
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The ®3Ni(n,y) branching point

®3Ni (t,,,=100 y) represents the first branching point in the s-process reaction path:
1/2

» Highest uncertainty in 6365Cu abundances comes from the ®3Ni(n,g) unknown cross section

* ®2Njsample irradiated in thermal
reactor (in 1984 and 1992)

13 ~120/

. units)

LLLRRL I T LI T T Trrrrim T T TTrrT T |||||||I T |||||||I T T TTTTIT
1n-1M .

II| L1110

Strong constraints on Cu, Ni, Zn production in massive stars and subsequent supernova

(Almost) accepted on PRL

e . T
107E" | 63Nj-sample
After chemical separation at PSI: -
, . 104E | ®2Ni-contam.
* NiO powder, (919 mg Ni) -
bl EETT B W R R TET] B W R 1171 B A W ETT] BN RTT] BRI S a1 110
* <0.01 mg $Cu 10" 1 10 102 10° 10* 10°
g Neutron énergy?e\,’)

First high-resolution measurement of ®3Ni(n,y) in the astrophysical energy range
First experimental observation of resonances in the keV region.
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The age of the Universe: the Re/Os cosmochronometer

Physi

spotlighting exceptional research

Home About Current Issue Archives For Contributors APS Journals

APS » Journals » Physics » Synopses » An ancient clock

An ancient clock

Neutron physics of the Re/Os clock. |. Measurement of the (n,y) cross sections of
186,187,18805 4t the CERN n_TOF facility

M. Mosconi et al. (The n_TOF Collaboration)
Phys. Rev. C 82, 015802 (Published July 15, 2010)

Neutron physics of the Re/Os clock. Il. The (n,n') cross section of 1870s at 30 keV
neutron energy

lllustration:
1Stockphoto.com/Christian

Wilkinson M. Mosconi, M. Heil, F. Kappeler, R. Plag, and A. Mengoni

Phys. Rev. C 82, 015803 (Published July 15, 2010)

Neutron physics of the Re/Os clock. lll. Resonance analyses and stellar (n,y)
ections of 186,187,188

‘ @ The n_TOF Collaboration)
Phys—Rev. C 82, 015804 (Published July 15, 2010)

» Cosmology = Nuclear Physics
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The Os/Re Cosmochronometer
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Results relevant to nuclear technology J

242 243 244 245
Not measured Cm Cm Cm Cm
240 Am 241 242 Am 243
Capture
.. 239 240 241 242
Fission Pu Pu Pu

239Np

In the two campaigns, measured capture and fission cross sections for most long-lived actinides.

We plan to measure in the near future also some short-lived actinides.

PERSPECTIVE www.rsc.org/ees | Energy & Environmental Science

Advanced nuclear energy systems and the need of accurate nuclear data: the
n_TOF project at CERN

N. Colonna,** F. Belloni,” E. Berthoumieux,” M. Calviani, C. Domingo-Pardo,” C. Guerrero,” D. Karadimos,”
C. Lederer, C. Massimi,” C. Paradela,’ R. Plag;*’ J. Praena™ and R. Sarmento”

For more information see: #

Received 31st May 2010, Accepted 3rd September 2010
DOI: 10.1039/¢0ee00108h

To satisfy the world’s constantly increasing demand for energy, a suitable n Energy EnVlron. SCI., 3 (2010) 1910

sources has to be devised. In this scenario. an imnortant role could be nlaved by nuclear energy.
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Data for the Th/U fuel cycle

23Y(n,f) ratios

At n_TOF measured the two main
reactions of the cycle: the 2*2Th(n,y) and
233Y(n,F).

Data with high resolution, high
accuracy (3 - 5 %) and wide energy
range (from thermal to several MeV).

Important data for the development of the Th/U fuel cycle (large effort in India) poo
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Data on actinides: the 23’Np case

Onp237/Ou2ss

Capture Cross Section (barn)

2/Np is the most abundant Minor Actinides
—— This work (SAMMY fit) . ..
e JEFF-3.1 ENDLa O B produced in existing reactors. At n_ TOF both
A Eschetal. (2005) B==f _ 2 3 ]
. Kobayachi et al. (2002) capture and fission cross-sections determined with
Y Weston etal. (1981) 4% accuracy.

15— Hoffman et al. (1976)
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i I
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Cross-sections for waste transmutation (and Gen. IV reactors)

Kernel ratio
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From thermal energy to 30 eV a
evaluations need to be revised.

n_TOF results confirm previous data
above 30 eV (nuclear explosion).
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Simultaneous measurement of capture and fission cross section
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Simultaneous measurement of neutron-induced capture

and ficcinn roartinne at CFRN

HIGHLIGHTED PAPERS

This page pr Highlights of p d articles selected on the basis of the quality of their
scientific achievements and potential wider impact. The PDF of these highlighted papers can be
downloaded freely for two months from the publi ion of the Highlight.

April 2012
EPJ A - A new techni

for si and fission

..... of induced cap
reactions

| -f-l?] The accurate knowledge of (n,gamma) neutron-capture cross-sections for fissile
isotopes is highly relevant for next-generation applications of nuclear technology.
However, accurate measurements are difficult due to the gamma-ray background
generated in competing (n,f) fission reactions. Scientists at the n_TOF facility at CERN
have developed a new experimental setup that is capable of simultanecusly measuring
and identifying the capture and fission reactions. The setup combines the existing 4pi
RaF?2 Tntal Ahsnrntinn Calarimater (TAC) with a sst af three MicraMenas detentars
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The main features of EAR 2

Comparison of the Neutron Fluence in EAR1 and EAR2

Eﬁﬁi - Flux in EAR2 25 times larger than in EARL.

The shorter flight path implies a factor of
10 smaller time-of-flight.

' Global gain relative to EAR1: 250 times in :
:neutron rate (thus in signal/background |
, ratio for radioactive isotopes!) l

dn / dIn(E) / cm? / 7e12 ppp
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EAR2 will allow to measure radioactive < -250 tmes
q . q 5 10°
isotopes with half lives as low as a few 3
8
years. "
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The experimental program in EAR2

The EAR2 will allow to:
* measure samples of very small mass (<1 mg)
* measure short-lived radioisotopes (down to a few years)
e collect data on a much shorter time scale
* measure (n,charged particle) reactions with thin samples

Letter of intent for measurements in EAR2:
+ (n,p) and (n,a) cross sections on ’Be, 2>Mg, 2°Al
- Fission cross sections of the short lived actinides 232U, 238241py and 244Cm
- Capture cross section of 7°Se, 24°Cm
« Cross section and angular distribution of fragments from 232U(n,f)

Status of the EAR2:
Approved by CERN, final design phase
Start construction in 2013
Beam ready in mid-2014

Physics start after commissioning in 2015
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Conclusions

- |° There is need of accurate new data on neutron cross-section both for
astrophysics and advanced nuclear technology.

 Since 2001, n_TOF@CERN has provided an important contribution to the
field, with an intense activity on capture and fission measurements.

* Several results of interest for stellar nucleosynthesis (Sm, Os, Zr, Ni, Fe, etc...).
* Important data on actinides, of interest for nuclear waste transmutation.

A second experimental area at 20 m has been proposed and accepted by
CERN for high flux measurements.

e The EAR2 (starting in 2015) will open new perspectives for frontier
measurements on short-lived radionuclides.
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WORK IN PROGRESS

[ Thank you }




n_TOF history
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241Am(n,'y)
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capture yield

residual
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of

*  32.2 mg of 2**Am oxide, embedded in a 305 mg Al,0, matrix
and encapsulated in a 0.5 mm thick Al canning

* Sample diameter 12.2 mm
* Very high activity sample
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First time that complete region is
covered from thermal to MeV in a
single measurement

Combined C,D./TAC measurement for
improved accuracy

Unprecedented resolution and
statistics, to extend RRR beyond 150 eV
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