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The Neutron Physics Department at Centro Atémico Bariloche was founded
in 1969 by Hector Antunez , one of the alumni of the legendary neutron

physics group at General Atomics in San Diego.

The group was created towards a small pulsed neutron source, a 25 MeV electron
LINAC, similar to the accelerator at RPI.

Now we are 23 people (counting researchers, students and technical staff)
working on neutron physics and applications o condensed matter research,

materials science and nuclear engineering.

Our main current activity is the development of neutron scattering instruments
for the forthcoming RA-10 reactor, which will be similar to the OPAL reactor

that the Argentine company INVAP built in Australia.
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BARILOCHE 25 MeV ELECTRON LINAC




Bariloche e-LINAC

Situated at the
Neutron Physics Department [
(Centro Atomico Bariloche).

It started operation in 1969

It belongs to National Commission of Atomic Energy

Pulsed accelerator which uses a microwave of 2856 MHz to accelerate electrons
upto 25 MeV

Electron pulses can be extended upto 2 us, with a repetition frequency of 150 pps

It reaches its maximum neutron production operating at 100 pps (~ 10! n/s) and
25 uA mean current
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Neutrons are born as
fast neutrons by means
of the reaction
(y.n) in the Pb target

Detector
bank

transmission experiments

To get a thermal spectrum,

2 cm of a polyethylene

Scattering
Experiments

moderator is used

To get a subthermal Two lines are available: transmission

spectrum, 2 cm of experiments and scattering experiments
mesitylene at 77K is used




EDUCATION AND TRAINNING ACTIVITIES

* Neutron Die-away time as function of moderator dimensions and poisoning

* Neutron flux distribution through activation probes

*Total cross section measurements

‘Resonances (thermal range)

* Neutron spectra determination by TOF

* Multiplication Factor of Fuel Assembly
(loss of coolant simulation)




RESEARCH ACTIVITIES

(from subthermal to epithermal energies)

(multiplicative and non-multiplicative systems)
* Neutron Diffraction

* Deep Inelastic Neutron Scattering (DINS)

» Non-destructive determination of hydrogen content

» Cryogenic Materials studies

 Complementary Techniques for Cargo Scanning

» Texture studies
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Sample-in sample-out technique is used to minimize the effect of beam
power fluctuations. It consists in inserting and removing the sample from

the neutron beam every 20 min approximately.
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Measured spectra are normalized using the integral counts from a

monitoring 3He detector (M, Mgg, M)

Background is measured and subtracted from both the incident and the
tfransmitted beam spectra

The neutron energy is determined by means of the fime-of-flight technique.

The time of flight scale is corrected by the mean emission time of the

moderator

Spectra are corrected by dead time effects from detectors and electronics
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ABSTRACT

The total neutvon cross section of Mylar has been
measured in the range 0.007 to 20 eV by the time-of-
flight transmission method.

e first Paper, 1975

TECHNICAL NOTES 393

The total neutron cross section of Mylar (CyoH Os) has
been measured in the range 0.007 to 20 eV by the time-of-
flight transmission method, using a 25 MeV Linac and a
fansteel target as a pulsed neutron source. The objective
of the measurement was to obtain cross sections which
could be used to correct spectral data from time-of-flight
systems employing Mylar windows, as is frequently the
case. A 20-x 20-X 10-cm block of paraffin thermalized the
neutrons and was viewed through an 8-cm-diam collimator
leading to a 17-m evacuated flight path. A 12.5-cm-diam
by 1.27-cm-thick °Li glass scintillator coupled to an EMI-
9618R tube was as the detector
at the end of the flight path.

Four Mylar samples with neutron transmissions at

TABLE 1
Total Neutron Cross Section of Mylar

Cross Section (b) at Energy:

~10 eV ranging from 70 to 90% were used by placement in
the middle of the flight path. Sample thicknesses were
measured directly and by weighing to an accuracy of 0.5%.

U minjature fission chambers inside cadmium
covered paraffin cubes located in the Linac cell monitored
the neutron source from one run to another. Time-of-flight
data were taken utilizing a 1024-channel (16 usec each)
Laben TV-60 encoder connected “on-line” to an IBM/360
model 44 £ g were in
separate runs with suitable filters added to the sample
location:

1. a filter opaque to thermal neutrons (a 3.5-cm-thick
block of paraffin) to measure gamma-ray fluxes from
the source

. a filter opaque to thermal neutrons and source
gamma-rays comprising item' above plus a 10-cm-
thick lead brick.

Raw data were for i
time and backgrounds. The resulting spectral data were
initially grouped into energy intervals of ~5%. Sample
T issions were for i ing and multi-

Ex10' [ Ex10° [Ex 107"

225.9 2377
226.0

ple scattering. Each set of transmission data was smoothed
using a least squares convolution factor method" and the
statistical error values were then interpolated by Aitken’s
method to fixed energy values chosen to be 40 points per
energy decade at equal lethargy intervals.

TOTAL CROSS SECTION (b)

L ! L
107 107 10°
ENERGY (eV)

Fig. 1. Total cross section of Mylar,

The resulting data are presented in Table I and shown
graphically in Fig. 1. These are a weighted average from
16 runs performed with the 4 samples. The errors are
due mainly to inaccuracies in source monitoring and are
better than 2%.

The result at 10 eV is in close agreement with the sum
of the free atom cross sections 225.1 b.

D, J. GORMAN, “'A Computer Program for the Smoothing and
Differentiation of Data from Multichannel Analyzers,” UCRL-
19903, of California, Berkeley (1970).




First publication in EXFOR (1974)

"Experimental Neutron Data:

WAL SR B A B B A B A Sigma(E) of D20 in the thermal range".
25 - g
D,0 F.Kropff, J.R.Latorre, J.R.Granada and C.Castro
2 ﬁ% (294K) | Madero
s |5 %
[ .
§ L% 2 % I Nuclear Data Section, IAEA, EXFOR 30283
2 Xt b
z 17 5 (1974)
7
o
(&)
< 15- “CAB models for water: A new evaluation of the
(@)
= thermal neutron scattering laws for light and
heavy water in ENDF-6 format”
10 on TR L | on TR L | oo P EEEE
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J.l. Marquez Damian, J.R. Granada, D.C.
Energy (eV)

Malaspina..

Annals of Nuclear Energy, 65, 280, 2014.
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For low femperature measurements we have a cryostat where the sample is
placed inside and cooled down to the desire temperature . The lowest

temperature that we can reach is 32K

The temperature is constantly controlled by two thermoresistances placed on

both sides of the sample holder

Cold moderators materials: mesitylene, toluene and mixes
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EXFOR data: http://www-nds.iaea.org/EXFOR/31578.002 Search by
Data retrieved from the EXFOR database version of May 05, 2015. Entry: 31578
Authors:
ENIRY 341578001 20060714 20070213 20070209 2 F. Cantargi
3UEERT 31578001 20060714 20070213 20070205 1. Blostein
EIE 1€ 50 L. Terres
TITLE Thermal neutron cross= =section of liguid and =olid J.R.. Granada

me=itylene
EUTHOR [F.Cantargi,J.J.Elostein,L. Torres=,J_.E._Granada}
INSTIITUIE [BRRECRE, 3RARECIN]
# (3ARGCRE Inst.Balseire v Centro Atomico Bariloche, Bariloche, Argentina
#, ARRGCIN gjo Mac. de Invest, Cientificas v Tec. (CONICET), Argentina
REFERENCE "B, 2 a €}
r 20€y Jour: Nucl. Instrum. Methods in Physics Res., Sect.B, Vol.248, p.240 (2008), Netherlands
—LRL http'-’-’ﬂh dei.org/10.1016/j.nimb.2006.04.161
#MSR=2006CA18 #D0I=10.1016/f.nimb.2006.04.161
#Title=Thermal neutron cross section of liquid and solid mesitylene
=+ #Authors=F.Cantargi, JJ.Blostein, LTorres, 1.R.Granada
[LINECD, aRRECRE] 253 MeW Electron LINAC based pulsed
neutron =mource at Centro Atomico Bariloche [(ARrgentina}
# (LIKAC Linear accelerator
#,3ARECAE} Inst.Balseire v Centro Atomico Bariloche, Barileche, Argentina
A commercial mesitylens [ 1,3,5-trimethylbenzene
CEH3 (CH3 3, 58.8% in purity} i= liguid at (253+-2) K
and =olid at (B5.45+-0.05} E were un=ed.
(0.836+-0.01} gfcmd and thickne
The me=sitylene =ample was= =upp
DETECICR [FROFC) The detecter bank cons=i
proportional counter= (10 atm filling pres=ss=_,
active length, 2.5%4 om diam.} placed at [(B27.2
from the thermal neutron =curce, a= determined
by the u=ze of well known ab=orption rescnances
# (PROPC) Proportional counter
INC-30URCE 2 lead target and a =lab =shaped [(9xZlixZl] cm3
polyethylene moderator were employed to chtain a
thermal neutron =pectrum. The =ample wa= placed at
about 2€0 cm from the neutron =ource in a =sparate
room =hielded by 100 om thick concrete wall.
[TOF} flight path =(827.2+-0_.5)cm.
The =ample—in =ample—out method wa= w=ed.
Jtandard normalized trans=m ion meEasurement.
# (ToT) Time-of-flight
HONITOR The experimental data were normalized in the free—atom
region to the cross section value of Z88.€63 barn for
the molecule unit.
[N} neutrons
[r3_F.Mughabghab,BE, KEUT.C3 1&,,15%81} 3.F. Mughabghab,
meto. Heutron Cro== Jection=, Neutron Re=ocnance
Paramester= and Thermal Cro== Jecticn=, Fart &,
Z = 1-€0, 1, Ecademic Fre==, New York, 1%81.

ERR-ENELY3 (ERR-3} Quoted error= are only dues to =ta




MESITYLENE

Experlmen'rc.xl information ) hv,= 0.17 eV hv,= 0.37 eV
[Natkaniec et al., B A (C-H stretchin (C-H stretchin
Proceedings of ICANS XVI, (Ring breathing) in CH 9 in the ri 9
2003] in CH3 ) in the ring )
Oont = 0.252 o; = 0.1505 o, = 0.341 03 = 0.2565
.."'. 30 T T T T T
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.~.,/’.‘\\.'. 25 ~— *  Phase IT .
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X /.\\\.’//.\." 20 L -
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MESITYLENE
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@ T e ety
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Op‘l’imized ®cont = 0.188 ®; = 0.170 W, = 0.310 3 = 0.332
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A SOLID MESITYLENE BASED COLD NEUTRON SOURCE

73 cm total height; 50 cm diameter; 38 cm moderator height.

Stainless steel. Zircaloy-4 windows
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EXFOR
https://www-nds.iaea.org/exfor/exfor. htm

www-ndas.aea.org

Experimental Nuclear Reaction Data (EXFOR)
Databa§e Version of May 05, 2015

Softawe ¥ f 01808

rence Paper: Nucl Oiata

Examples of requests: 3444
Subenit Reset

Request Sup

Target
No reacton combnatons (mtos, )

Tip of the day: wdeo-guide

Exclude superseded dats

Reaction
Quantty Enhanced sesch of Products
Product Retreve ising onYy

Dbl e

Energy from v Dsatle Prompi-Hel
Author(s) Soady. * mesctes | publicaton
Publ ke Vew * basc ecended

cabon ye

it Ranges (ZA)

Accession &
Extended Reaction Sub-Fields
Feedback and User's Input

Keywords
Expert Clone Request:
S CINDA || ENDF

Subm

all criteris are opticral (selected by checking I )
selected criteria are combined for search with logical AND
criteria separated in » field by "1" are combined with legical OR
criternia starting with vl be coed a3 logicd NOT

wildcards (*) and Inteevals (..) are available

Jatabase Manager: Viktor Teckin, NDS, Intermational Atomic Enerpy Apency (V. Zechn@ises orp,
¥ed and Database Programming: Viktor Zerkin, NOS, International Atomic Energy Agency (V. Zeckin@iaea
2ot Source: Metwork of Muciear Reaction Dats Centres




Throughout these 45 years, the LINAC has enabled the development of

many activities:

* Research and development in basic science and nuclear engineering
« Technological innovation in the field of nuclear energy
* Training of human resources specialized in the area of neutronics

* Transfer and development in other fields related to new technologies

It also supported

@ the realization of 39 MSc theses and 20 PhD dissertations.

@ the contribution of 46 datasets to EXFOR, mostly total cross sections transmission
measurements (Institution 3ARGCAB: e-LINAC + RA-6 reactor).
@ Evaluation of thermal scattering libraries through:

@ Transmission total cross section measurements.
e Neutron spectrum measurements.




FINAL REMARKS

With the e-LINAC, we have contributed to CNEA’s mission of
transmitting to society the benefits of the peaceful uses of nuclear
energy and its associated techniques, as well as promoting research on
neutronics.

Bariloche e-LINAC is the ONLY operating pulsed neutron source in the Southern
Hemisphere, small in neutron flux, but huge for the training of many generations
that worked and grew up towards it.

Although a low intensity pulsed neutron source is clearly not competitive with an
accelerator orders of magnitude more intense, for most of the possible
applications, it is nevertheless very useful to fest ideas and the ensuing methods
born from the successful ones. This is particularly true for total cross section

measurements.
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Cross section modeling

WHO WE ARE: THERMAL SCATTERING NUCLEAR DATA GROUP AT
CENTRO ATOMICO BARILOCHE

Rolando Granada Florencia Cantargi Ignacio Marquez

Scattering theory and Cold moderator materials Nuclear reactor
advanced neutron sources and neutron filters applications and
benchmarking

Past members:
@ Monica Sbaffoni (currently at IAEA),

@ Victor Gillette (currently at University of Sharjah, U.A.E).




Our cross section libraries are available in ENDF-6 and ACE format in the

webpage of the Neutron Physics Department

http://www2.cab.cnea.gov.ar/“nyr/tsl_eng.html

/ ® DepartamentoFisicade % \__\

« > 0 www2.cab.cnea.gov.ar.

(NED DEPARTAMENTO FISICA DE NEUTRONES

CENTRO ATOMICO BARILOCHE
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