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Antineutrinos for the non-proliferation

Nuclear reactors are pure and intense sources of ν̄e : 1.9× 1020 νe/s/GWth
⇒ compact and small detector at short baseline is possible.
Neutrino emission depends on the fuel composition and on the core power :

Nν̄e = α ∗ Pth ∗ (1 + k(t)) with k(t) function of the fuel.
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Direct real time informations on reactor operation.
Complementary method to know total burnup reactor.

⇒ IAEA interest for surveillance of reactors.
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Reactor antineutrinos anomaly
Reevaluation of reactor ν̄e spectra, Th. A. Mueller et al., Phys.Rev.C 83, 054615 (2011)
Reanalysis of short baseline experiments ⇒ deficit of 6% (2013 update)

G. Mention et al., Phys. Rev. D 83, 073006 (2011)
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New oscillations toward a sterile neutrino at very short baselines (∆m2 & 1 eV2).
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OSIRIS site and detector caracteristics

70MWth “pool type” research reactor,
∼7m from the reactor core,
⇒ high gamma flux.

Low overburden
⇒ muon flux attenuation = 2.7.

Main caracteristics of NUCIFER :
850 L of Gd-loaded (0.2%) liquid
scintillator (MPIK scintillator),
16 PMTs fixed on an acrylic buffer,
central calibration tube.

● Liquid scintillators are fragile:

– Damaged by oxygen

– Only compatible with quartz,
acrylic and Teflon

10 cm
of lead

14 cm of boron
doped polyethylene

2,
5 

m

Active muon veto:
 plastic scintillator + PMT

Nitrogen atmosphere
16 PMTs
Acrylic buffer

Target liquid: 850 L 

Stainless steel tank + Teflon

Total: ~ 50 tonnes3 m

3 m
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Detection principle

Delayed signal (µs): Edelayed ~ 8 MeV on Gadolinium 

Prompt signal (ns): Eprompt a En (1 - 8 MeV) 

ne 

p 
n 

e+ e- 

Gd 

g 

g 

g 

g 

Prompt

Time

Delayed

>50 µs >100 µs35 µs
5 µs

Old energy cuts :
• 2 < Eprompt < 6MeV
• 6 < Edelayed <10MeV

New energy cuts :
• 2 < Eprompt < 7.1MeV
• 4.2 < Edelayed <9.6MeV
⇒ 2 times more detected neutrinos with
slightly improved S/

√
B.

Time cut :
• 5 < ∆ t < 40 µs

Maxime Péquignot - GDR Lyon 2013 5 / 14



Introduction
Nucifer detector

Results
Nucifer detector
Background

Nucifer integration

First data at Osiris, May 2012.
Liquid change, November 2012.
Installation of south wall, March 2013.
Two reactor cycles before long shut
down, April-May 2013.
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Liquid calibration

Use of 4 radioactive sources (Co, Cs, Na and AmBe) at 4 points of the detector.

Energy calibration
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Liquid stability

Detector response linear and stable,
±10% dependence on vertex elevation dominated by optical absorption on vessel
walls.
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Expected backgrounds

Accidental background

Random coincidence
between a gamma and a
neutron capture.

Measured reactor ON and
subtracted.

Correlated background

Cosmic µ± ⇒ fast n ⇒ correlated signal.
Decreased by overburden and quenching.
Measured reactor OFF and subtracted.

⇒ Measured neutrino count rate: Nν̄e = NON
corr − NON

acc − (NOFF
corr − NOFF

acc ).
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Background rejection with Pulse Shape Discrimination

  

Time [ns]0

Proton recoil pulse

Total gate Delayed gate

t
0 150

e± recoil pulse

ν̄ prompt, γ, (n,γ) ⇒ low Qtail/Qtot
ratio.
Fast neutron prompt only ⇒ p recoil
⇒ high Qtail/Qtot ratio.
PSD ⇒ Online rejection of the
correlated background before
substraction of the correlated events.
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Reactor spectrum

Single rate ∼200 Hz above 2 MeV, on expectation, but leakage of high energy
gammas in Edelayed window ⇒ too much accidental background.
A lead wall will be added to reduce accidental background (factor ∼ 30).
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Results (PRELIMINARY)

Prompt

Time

Delayed
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Prompt
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Delayed
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Simulated
prompt

>100 µs>50 µs

Results with the old energy cuts (ON : 22 days, OFF : 5 days):

Accidental rate Correlated rate
Reactor OFF (33.9± 0.3) /day (124± 6) /day
Reactor ON (3131± 2) /day (259± 14) /day

⇒ 135 νe/day ± 15.

PRELIMINARY reanalysis with the new cuts (ON : 46 days, OFF : 43 days):

Accidental rate Correlated rate
Reactor OFF (57.2± 0.2) /day (216± 3) /day
Reactor ON (8596± 15) /day (459± 15) /day

⇒ 243 νe/day ± 15.
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Results (PRELIMINARY)

Correlated events excess = fast
neutrons coming from the core ?

High Qtail/Qtot : fast neutrons.
Low Qtail/Qtot : γ, neutrino.

No more fast neutrons when the
reactor is ON than when it is OFF

⇒ excess at low Qtail/Qtot is
due to neutrinos.
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Results (PRELIMINARY)

Still work to estimate systematics errors :
• Survey of Osiris site,
• Simulation of detector efficiency.
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Conclusion

Nucifer sees neutrinos: (243± 15) /day (stat. only).
Still work to get proper systematics.
Last upgrade planned: add lead to reduce accidental background (S/AccB ' 1).
Next reactor cycle scheduled for December.
One full year of data taking with background close to the specifications.

Toward an applied antineutrino physics. . .
. . . and a sterile neutrino ?
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