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Number of operable nuclear reactors as of April 2020, by country

440 nuclear reactors in Mop |- Sarckee
operation in ~ 30 countries
around the world.
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Armenia

Iran

A 1000 MWe light water reactor gives
rise to about 25 tonnes of used fuel a
year, containing up to 290 kilograms
of plutonium.

It takes about 10 kilograms of nearly
pure Pu-239 to make a bomb
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Reactor Neutrinos as Safeguards Tool

Monitoring nuclear reactors with antineutrinos:

Why the interest in antineutrino detectors? Z %
It is feasible

e Antineutrinos can not be shielded and are
produced in very large amounts in nuclear
reaCto rs replacer:(‘:r:?i:/i?rl T:?gnzgo'ftr’:;ﬁ 235 fuel
(~ 10%° antineutrinos/s)
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e Antineutrinos produced in reactors can
reveal fissile composition of nuclear fuel
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e Non-intrusive monitoring in real-time the

reaCtor State: 06012605 10/2005 DZIZOOSD tOGIZOOG 10/2006 0 [ | L L
o thermal power & fissile material IR IR
Thermal power control: Z Z Z
° Seafrch for new methods on safeguards Interesting topic for Eletronuclear NV =20 (1 7 k) Pth
verification

Factor carrying detector Factor carrying fuel
features composition features
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The
Neutrinos
Angra
Experiment



The Angra Collaboration
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6 Brazilian Institutes:

- CBPF (Rio de Janeiro - RJ)

- UEFS (Feira de Santana - BA)
- UEL (Londrina - PR)

- UFBA (Salvador - BA)

- UFJF (Juiz de Fora - MG)

- Unicamp (Campinas - SP)

12 Researchers
15 Students
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The Laboratory

ANGRA CONNIE
detector

detector ! 1,76 1,76
3,00%2,25
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The experimental Lab

@ CONNIE detector installed in 2014

CCDs in ViB readout Monsoon
copper box board readout systerr

Shielding (partially
assembled) 9

Vacuum
pump

Cryocooler
(70 K)

Temperature
controller

More on |. Nasteva talk:

Tuesday July 7 Chair: R. Rosenfeld

10:30-11:00 Plenary II: Neutrinos (Yepes)

11:00-11:10 Hyper-Kamiokande: Possible Contributions from Latin America, H. Nunokawa
\1/3&13-11:20 An Andean Deep-Valley Detector for High-Energy Tau Neutrinos, A. Romero-
11:20-11:30 Coherent Neutrino-Nucleus Scattering Experiment (CONNIE), I.Nasteva.
11:30-11:40 DUNE in the Report on LASF4RI: the Colombian case, D. Moreno.
11:40-11:50 Latin America Contribution to JUNO, P. Chimenti.

11:50-12:00 Short baseline neutrino experiment in nuclear reactors in Argentina, G.
Moroni.

12:00-12:10 The ANDES Deep Underground Laboratory, X. Bertou

12:10-12:20 Neutrino White Paper, E. Segreto.

12:20-13:05 Discussion
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v-ANGRA: a Water Cherenkov Detector m

- Top veto (active): 4 PMTs
25 cm height - pure water

ity N/ : & - Neutrino Target (active): 32 PMTS
. b ~ 1 ton GdCI3 doped water (0,2%)
e Tt
- ! - Inner Veto (active): 4 PMTs

25 cm thick - pure water

40usec

- Shield (passive):
25 cm thick- pure water
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The Data Acquisition System (DAQ)
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Stability
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Preliminary
Results



Time analysis

—— Data

—— Global Fit
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1st Physics analysis: Michel Electron Candidates

30001 Michel Elec. Candidates

(Background subtracted)
Subtraction Uncertainty

N
Ul
o
o

N
o
o
o

=
o
o
o

Number of events / 2000 DUQ
w» 0
(@) (@]
C? o

0 20000 40000 60000 80000 100000
Charge [DUQ]

E. Kemp - LASF4RI - 06/07/2020



Searching for IBD candidates

Before Selection After Selection
Histogramas (prompt) - escala |Og e Histograma com fungbes passa-banda - PROMPT - data: 2019-05-22
= Prompt = numero de eventos prompt = 15485936786
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Preliminary Results

cortes: ( 8 us < p+d <40us , delay<10MeV, 3MeV < p < 8 MeV)
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Final Remarks

e The Neutrinos Angra Experiment was totally made by Brazilian scientists and engineers.
o We have designed, prototyped, built, tested, and commissioned the detector, the FE
electronics, and the DAQ boards and required software.
o The whole R&D was made in Brazilian labs also in cooperation with local commercial partners,

demonstrating the maturity of Brazilian experimental groups to conduct autonomous high-level
research.

e \We have preliminary results showing that the data has been taken with high quality, and the physics
program is close to be completed.
o Major and current goal: to demonstrate the ability of the detector to count antineutrino events in
correlation with the delivered thermal power of the reactor.

o The future physics program might include measurements of the fractions of nuclear isotopes in
the nuclear fuel.
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Final Remarks

e Different technologies can be explored in a second run.
o  Stringent safety rules imposed by the reactor operations put severe restrictions to the materials
and equipment allowed inside the power plant.
= Preliminary stages to check the possibility to use water based liquid scintillator (WBLS).
— total compliance with the safety rules + larger energy resolution
— additional physics topics ?

o Towards a more compact experiment: using silicon photomultipliers (SiPMs)
= SiPMs can operate easily in the photon counting regime with LV (less dangerous)

e New technologies require knowledge and expertise growth of local research groups.
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Final Remarks

e The Angra nuclear reactors have shown to be an excellent tool for the development of particle
detectors technology and also to perform particle physics research.

e The experiments v-Angra and CONNIE are sharing space and running in the neutrino lab.
o  We have successfully created a Latin American research facility with the cooperation of the
power plant operator.
m Any scientific group, in principle, can carry experimental programs using the reactor as a
particle source.

e The facility has a large potential to boost Latin American science using nuclear reactors
o Easier, when compared to overseas labs.

e The facility can be very attractive for international researchers
o healthy exchanging of knowledge and technology.
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Take-away message

e The future of the scientific facility (the neutrino lab) at the Angra dos Reis power plant is
very promising;

e The two collaborations running neutrinos experiments, v-Angra (19 papers) and CONNIE

(6 papers), have successfully demonstrated the feasibility to conduct high-level and rather

complex experiments in cooperation with the power plant operator;

We DO hope that

the neutrino lab in Angra dos Reis can insert

Latin America in the world map of research facilities
In particle physics.
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We acknowledge the cooperation and continuous assistance of Eletronuclear staff,
essential to run the lab
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DESIGN GUIDELINES: |
‘g‘*-s.‘. IAEA Freegy Agency Focused Workshop on Antinu-e {@; lAEA org

Detection for SG Applications (2008 | Insemational Atomme E""’" Agency

7.2 Medium Term:

"" AL ppt? If the above near-term goals are met, it is the opinion of the workshop conferees that antineutrino

Foc s ed’ wo ﬁSh e ]'1‘ J.IrY detectors will have demonstrated utility in response to the stated inspector needs in some specific areas
u op o i of reactor safeguards. To further expand the ufility of antineutrino detectors, several useful medmm

term (5-8 vear timeframe) R&D and safeguards analvsis goals are proposed.

1.  Above ground deplovment. Above ground deployment will enable a wider set of operational
concepts for TAEA and reactor operators, and will likely expand the base of reactors to which
this technology can be applied;

9

Provide fully independent measurements of fissile content, through the use of spectral
information. This will allow the IAEA to fully confirm declarations with little or no mput from
reactor operators, purely by analysis of the antineutrino signal;

3. Develop mmproved shielding and reduced detector footprint designs, to allow for more
convenient deployment. Current footprints are of order 2-3 meters on each side; modest
reductions in footprint would expand the general utility of antineutrino detectors. .In this repard,
a possible deployment scenario is envisaged where the component parts of the detector, shielding

! and all associated electronics are contained within a standard 12 metre ISO container, facilitating

28-30 October 2008 J ; » ease of movement and providing physical protection to the instrument. It should be noted that

IAEA Headquarters, Vienna due to size and weight restrictions of ISO containers (approximately 25,000 kg net load) the




Full Geant4 Simulation: energy scale
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Calibration with Radioactive Sources:
under discussion with Eletronuclear
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