Monitoring nuclear reactors with antineutrino detectors
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Nuclear reactors are an Intense source of antineutrinos and the
tnermal power released In the fission process IS directly related to the

antineutrino flux. This allows us to use antineutrino detectors to monitor

nuclear reactors through counting rates and Spectral measurements > . ) - e
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making them good candidate to become In the near ifuture a new

safeguards tool. - P SR | 3
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We describe the status of the Angra Project, aimed at developing an 1403_
antineutrino detector for monitoring nuclear reactor activity. The
experiment will use the Brazilian nuclear reactor Angra I, with 4 GW of 1200
thermal power, as a source of antineutrinos. A water Cherenkov detector of 100 —
one ton target will be placed in a commercial container just outside the a0l
reactor containment, at about 30 m from the reactor core. A few thousand C
antineutrino interactions per day are expected over a thousand Hz 60—
background rate induced by cosmic rays at ground level. The strategies to o -
maximize the signal to background ratio are presented. :
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~ 438 reactors worldwide:
The International Atomic Energy Agency - IAEA is charged to inspect
nuclear facilities under safeguards agreements. conteiner: 1st laboratory in Angra Neutron signa|
~200kg plutonium prt_aduced at each reactor cycle (~1 ._Syears) ml
~90 tons of plutonium produced every year worldwide:
IAEA should verify that fissile materials are used for civil appliances. SCHEMATIC OF DETECTOR SYSTEM 5 F
140
IAEA is the verification authority: C
Treaty on the Non-Proliferation of Nuclear Weapons (NPT): vEr 120 —
IAEA should keep track of all plutonium produced ! SHIELDING C BORD Central Detector E
BN SUPORTE 100[—
Interesting project for the Brazilian science: goll
* Possibility to do frontier experimental neutrino physics profiting e
from already existing facilities (Angra-l and Angra Il nuclear N7 I 7 \\ 60—
reactors). o C
* Relative low cost investments compared with reactor costs. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 40 -
* Possibility to do neutrino applied physics: nuclear safeguards 7 20l
applications. --f‘ff C
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Why the interest in antineutrino detectors?
* Antineutrinos can not be shielded and are produced in very large """""""""""""""" Muon Signal
amounts in nuclear reactors (~ 10?° antineutrinos/s) \
* Non-intrusive, Quasi-real Time, Remote reactor monitoring: thermal [[Cosmic Muons Visible Energy |
power & fissile material 7 5 L
* Energy spectrum of antineutrinos produced in reactors can reveal fissile o _
composition of nuclear fuel k- ]
*Search for new methods on safeguards verification neutron shielding studies :
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Transmission of neutrons in a polyethylene external shield E
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Reactor Thermal Power and Antineutrino flux 5 -
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in /% of nominal vaiue - < | Polyethylene® : * Cosmic ray induced neutron rate: ~ 70 Hz (no shielding)
2 B0f - mr—— Se * Neutron background rate: ~4 Hz ( with 30cm polyethylene shielding)
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: : c o '_ [1 the background rate has to be reduced by a factor at least ~104
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Prototype of neutrino
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