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Talk Overview
• The Challenge

– A surface measurement using a non-favorable 
technique

• The Site
– Brief description of the ANGRA site

• The Detector
– Conceptions

• Conlusions and perspectives    
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The Neutrinos-ANGRA
Project

 Development of new techniques for 
nuclear monitoring 
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ANGRA:ANGRA:

  
conteiner: 1st laboratory in Angra23/09/2008

NEUTRINOS ANGRA Project



10/28/08 IAEA 2008

Angra dos Reis nuclear plant 
features

• 3 PWR Reactors: 2 in operation + 1 
planned 

Reactor
(starting date)

Thermal Power 
(GW)

Average 
Uptime Fuel Cycle

Angra-I
(1985)

2.0 83 %  ~1.5 years

Angra-II
(2000)

4.0
~ 1.2 x 1020  f/s

90 % ~1.3 years

Angra-III
Construction 
starting 2009

4.0 - -
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Neutrinos & Non-proliferation

• ~ 438 reactors worldwide:~ 438 reactors worldwide:
    The International Atomic Energy Agency - IAEA is responsible to 

inspect nuclear installations and verify safeguards agreements
   
• ~200kg of Pu are produced in each PWR typical cycle   (~ 1.5 year)~200kg of Pu are produced in each PWR typical cycle   (~ 1.5 year)

~90 Pu tons/year in global scale
      IAEA verifies the pacific destination of this material. 

• IAEA is the verification authority:IAEA is the verification authority:
    Non-Proliferation Treaty of Nuclear Weapons  (NPT):
     Keep track of all the Pu produced in nuclear installations !
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Monitoring nuclear Monitoring nuclear reactorsreactors with antineutrinos: with antineutrinos:
It is It is feasiblefeasible

San Onofre (USA) Rovno/Ucraine

Nν = γ · (1 + k) · Pth

Factor carrying fuel 
composition  features

Factor carrying detector 
features

Thermal power control:
Interesting topic for Eletronuclear
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Angra Site Infrastructure
Remote control of DAQ

- On-line Muon flux 
measuments with a  
Cerenkov detector

        
- Remote DAQ trough 

IP's released by 
Eletronuclear

 20’ container
next of the reactor dome

PC monitor @ CBPF 
in Rio de Janeiro
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Target design: external box + internal reflectorTarget design: external box + internal reflector

Desenho completo do detector em andamento

Target: ~ 1 ton H2O (inside reflector box) + 0.1% Gd 
            viewed by 40 Hamamatsu 8” R5912 PMTs

Studies on optimal number of PMTs: 

GEANT4 simulation of 2 MeV positrons 
on the detector centre 
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target assembly parts drawings target assembly parts drawings 
(to be sent to the workshop)(to be sent to the workshop)
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VETO assembly studies

To be moved...

To be moved?
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GEANT4: antineutrinos 
expected signals

e+ Prompt signal  

Neutron capture signal

Distribution of total number of p.e. Collected in the PMTs
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GEANT4: muon background



Aug.05 aap2010-Sendai05/12/09 J.C.Anjos-RENAFAE09 17

Muon background rejection
• Cosmic muons crossing the 

detector = 1KHz 
 108 muons / day 

• Expected neutrino interactions rate 
~ 103 / day

• Signal/Noise ratio must be reduced by a factor  105.
 

• Muon rejection techniques:
– External VETO: scintillators -  4 π veto system for the target

• Assuming 90% of efficiency  1 order of magnitude of rejection
– Time window coincidence:

• 100µs of coincident pulses   muon rates fall down to  10%;
– Thresholds

• Muons signals are very high    (rejection power of  ~ 95%);
– Directionality: 

• Muons are “downwarding” particles. PMTS shold be more illuminated at the bottom by 
muon events. Charge balance in PMTs can help to distinguish  isotropic events: 
additional  ~ 1 % rejection factor

→ Final bkg rejection factor

ε μ=ε μ
veto   ×   ε μ

window  ×   ε μ
threshold   ×  ε μ

direction

{
ε μ

veto≈0 .1

ε μ
window≈0 . 095

ε μ
threshold≈0 . 05

ε μ
direction≈0 . 01

⇒   ε μ≈10−6
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GEANT4: neutron shielding studies 

Flux measured @ LNGS – external room
 (1000 m): En > 10 MeV

N_flux = 75 n/m2.s

Angra ( at the sea level ):  3x reduction factor 

N_flux = 25 n/m2.s 

Shielding attenuation
( ~ 85% acima de 10 MeV)

N_flux = 4 n/m2.s   ~ 5% of  contamination

10 MeV neutron
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 Natural radioactivity 1st check: ok...

No relevant component found

0,0 0,5 1,0 1,5 2,0 2,5 3,0
0,00

0,01

0,02

0,03

0,04

0,05

0,06

co
u

nt
in

g 
ra

te
 (

H
z)

energy (MeV)

 rock
 sand



Aug.05 aap2010-Sendai05/12/09 20

2 4 6 8 10 12 14
0

50

100

150

200

250

PMT+LED (single photoelectron)
HV 1230V - 14000 eventos

 

 

C
o

n
ta

g
e

m

Amplitude (mV)

Hamamatsu 8” R5912 
Single Photo-Electron 

Distribution

PMTs Characterization



Aug.05 aap2010-Sendai 21

DAQ VMEDAQ VME

  

Project by CBPF, Board lay-out and assembly made at 

Campinas local company ( CADSERVICE)

• 10 unities ready – already assembled - in debbugging 

phase

•  First real  measurement tests soon...

  Waveform digitizer: Waveform digitizer: VME 6U standard  
 ADC: 8 analog channels @ 125 MHz
             or
          4 analog channels @ 250 MHz
          Dynamic range = 2 Vpp
 Buffer per channel = 64k samples
 TDC: 8 channels for time 
           measurements 
           time resolution 81ps
           dinamic range = 9.8 µs

 2 firmware versions  (8 ou 4 channels)
 control  and status registers

 slow control:CAN communication 
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Front-End Electronics
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Development of muon VETO

64 channel Hamamatsu PMT R7546A
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MAPMT Box

Caixa da MAPMT: blindagem óptica

e eletromagnética p/ PMT e circuitos  

Moldura para integrar MAPMT, guia de
fibras ópticas claras e conector elétrico

Moldura

Guia de fibras
  claras

MAPMT

Soquete
 p/ anodos
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Test results from MAPMT H7546A (voltage divider + pre-amplifier 
@ 900V) : amplitude and charge from cosmic muons 

crossing the VETO plastic scintillator)
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New Development: 
WLS in water  /   amino-G



Aug.05 aap2010-Sendai

Amino-G enhancement in the 
photon yield
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Conclusions

ANGRA  project status: ANGRA  project status: 

  Neutrino Laboratory @ ANGRA is Neutrino Laboratory @ ANGRA is 
OPERATIONAL. OPERATIONAL. 

  GEANT4 simulation is running and GEANT4 simulation is running and 
guiding final detector design. guiding final detector design. 

  Electronics is almost ready to Electronics is almost ready to 
production phase. production phase. 

  PMTs are being purchased. PMTs are being purchased. 

        (and workshops are almost to be (and workshops are almost to be 
triggered)triggered)

  Remote operations are implemented Remote operations are implemented 
(link CBPF – AngraLab). (link CBPF – AngraLab). 

  Muon Veto detector is in development Muon Veto detector is in development 
phase. phase. 

Test of new WLS (considered for future Test of new WLS (considered for future 
detectors)  detectors)  

  Starting data taking expected by (our) Starting data taking expected by (our) 
Winter- 2011.Winter- 2011.
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