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Questions (1)
•
•
•
•

Why there is no radioactive elements in the Earth core?
How the Earth’s heat flow can be estimated ?
Which radionuclides provide the main radiogenic heat flow?
Why we cannot detect neutrino from 40K by using liquid
scintillator?
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Questions (2)
•
•
•
•

Idea of the atmospheric neutrino experiments?
Main reasons of the long-baseline experiments?
The main advantage of the OPERA experiment?
For what reason new accelerator experiments are
developed?
• Role of Monte Carlo simulations and calibration
measurements in the atmospheric and long-baseline
experiments?

F.A. Danevich

Univ. Tor Vergata

3
April 15 , 2015

Hyper-Kamiokande

The Hyper-Kamiokande is a next generation underground water Cherenkov detector. The total
(fiducial) mass is 0.99 (0.56) million tons, about 20 (25) times larger than that of Super-K. It will serve
as a far detector of a long baseline neutrino oscillation experiment envisioned for the upgraded JPARC (accelerator), and as a detector capable of observing – far beyond the sensitivity of the SuperKamiokande (Super-K) detector – proton decays, atmospheric neutrinos, and neutrinos from
astronomical origins. Hyper-K can extend the sensitivity to nucleon decays beyond what was achieved
by Super-K by an order of magnitude or more.
K. Abe et al., Letter of Intent: The Hyper-Kamiokande Experiment — Detector Design and Physics Potential,
arXiv:1109.3262v1 [hep-ex] 15 Sep 2011
F.A. Danevich
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Plan of lecture
• Neutrino from supernova
• High energy : IceCube
• Reactor electron anti-neutrino
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Neutrino from supernova
stellar evolution

The Large Magellanic Cloud with SN1987A
(centre) in an optical image created from
several images of the region taken by the
Hubble Space Telescope during the 1990s.

F.A. Danevich

The theory of stellar evolution predicts that the
final stage of a massive star (typically more than
eight solar masses) is a core collapse followed by a
neutron star or a black hole. As the temperature
and density at the centre of stars increase, nuclear
fusion produces heavier elements. This leads
finally to an iron core of about one solar mass;
further nuclear fusion is prevented as iron has the
largest binding energy of all elements. When the
core becomes gravitationally unstable it triggers
the supernova explosion.
The gravitational potential energy of the iron core
gives the energy released by the core collapse,
which is about 3 × 1053 ergs. Predictions indicated
that neutrinos would release most of the energy,
since other particles, such as photons, are easily
trapped by the massive material of the star.
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Neutrino from supernova
1987A: Kamiokande
A neutrino burst was observed in the Kamiokande II detector on 23 February 1987,
7:35:35UT (+ 1 min) during a time interval of 13 sec. The signal consisted of eleven
electron events of energy 7.5 to 36 MeV, of which the first two point back to the Large
Magellanic Cloud with angles 18  18 and 15  27

Kamiokande Cherenkov detector
contains 3000 tons of water of which
2140 tons are fiducial volume.

The time sequence of events in a 45-sec interval centered
on 07:35:35UT, 23 February 1987. The vertical height of
each line represents the relative energy of the event.

K. Hirata et al., Observation of a neutrino burst from the supernova SN1987a, Phys. Rev. ett. 58 (1987) 1490
K. S. Hirata et al., Observation in the Kamiokande-II detector of the neutrino burst from supernova
SN1987A, Phys. Rev. D 38 (1988) 448
F.A. Danevich
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Neutrino from supernova
1987A: IMB
A burst of eight neutrino events preceding the optical detection of the supernova in
the Large Magellanic Cloud has been observed by the IMB Cherenkov detector. The
events span an interval of 6 s and have visible energies in the range 20-40 MeV.

J. C. Van Der Velde et al., Neutrinos from SN1987A in the IMB detector, Nucl. Instrum. Meth. A264 (1988) 28.
R. M. Bionta et al., Observation of a neutrino burst in coincidence with supernova SN1987A in the Large
Magellanic Cloud, Phys. Rev. Lett. 58 (1987) 1494.
F.A. Danevich
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Neutrino from supernova
1987A: Baksan
The Baksan neutrino telescope is
located at a depth of 850 m.w.e, in
the mountains of the North
Caucasus. The telescope consists of
3150 scintillation detectors arranged
in eight planes forming a
parallelepiped shape with two
internal horizontal layers. Each of the
3150 elements (70 X 70 × 30 cm3)
contains an oil-based liquid
scintillator viewed by one 15 cm
photomultiplier tube. The total target
mass is ~ 330 t.

The time sequences of events detected by the LSD (a)
and the Baksan telescope (b) at 2:52 UT on February
23, 1987.

A signal of 5 events within 9.1 s was found in the Baksan scintillation telescope with a
fiducial mass of 200 t on February 23, 1987.
E. N. Alekseev et al., Detection of the neutrino signal from sn1987a in the lmc using the inr baksan underground
scintillation telescope, Phys. Lett. B 205 (1988) 209
F.A. Danevich
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Neutrino from supernova
summary

•

•
•

• The events observed by Kamiokande-II,
IMB and Baksan few hours before
SN1987A are consistent with the
hypothesis that the supernova emitted
about 5 × 1052 erg in electron
antineutrinos with an average energy of
one dozen of MeV
There is no clear indication of other physics from the observed energy spectra and that the
agreement with the theory is satisfactory even though there are some issues that remain
unsolved to date
it seems fair to conclude that the observations from SN1987A have been a useful benchmark and
a precious occasion to test our knowledge of what happens during a gravitational collapse
The SuperNova Early Warning System (SNEWS) is a network of neutrino detectors (Borexino,
Daya Bay, KamLAND, IceCube, LVD, Super-Kamiokande) organized to give early warning to
astronomers to study the supernova phenomenon at a very early stage of the collapse by
different telescopes (radio, optical, X ray, gamma ray)

Francesco Vissani, Comparative analysis of SN1987A antineutrino fluence, J.Phys. G42 (2015) 013001
M. Koshiba, Observational neutrino astrophysics, Phys. Rep. 220 (1992) 229-381.
D. Denegri, B. Sadoulet, M. Spiro, The number of neutrino species, Rev. Mod. Phys. 62 (1990) 1
V. Trimble, 1987A: The greatest supernova since Kepler, Rev. Mod. Phys. 60 (1988) 859-871
F.A. Danevich
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High energy 
IceCube: largest Cherenkov detector ~ 1 Gt

Photomultiplier in special encapsulation to
prevent PMT from high-pressure in the ice
Amundsen–Scott South Pole Station
Experimental goals
• Point sources of high energy neutrinos
• Gamma ray bursts coincident with neutrinos
• Indirect dark matter searches
• Neutrino oscillations
• Galactic supernovae
• Sterile Neutrinos
Principle of high energy  detection
F.A. Danevich
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High energy 
IceCube: results

IceCube has detected the highest energy
neutrinos ever recorded, with energies of 1.0,
1.1 and 2.2 PeV (1 PeV = 1015 eV, peta-eV)

Arrival directions of the 37 very high energy events
found in IceCube after analyzing three years of data
(2010–2013). No significant clustering was
observed.
Upper limits on the spin-dependent cross section for
hard and soft annihilation channels over a range of
WIMP masses using IceCube data. Results are shown
in comparison to recent results by other accelerator,
cosmological, and direct dark matter search
constraints.

http://icecube.wisc.edu/science/highlights
F.A. Danevich
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Reactor electron antineutrino
basic principles
Neutrino can be detected through charged current interaction:
 e + p  e+ + n (1)
The energy threshold is ~ 1.8 MeV
+
e event

 10-200 s

Detection of reactor  e. Spectra of from the
isotopes 235U, 239Pu, 238U, 241Pu. (blue) Cross
section of the reaction (1). (red) Energy
spectrum measured by the detector.

time
 quanta ( particles) after
neutron capture by
protons (Gd, Cd, 6Li, 3He)

Illustration of neutrino oscillations. The expected
flavor composition of the reactor neutrino flux, for
neutrinos of 4 MeV energy, is plotted as a function
of distance to the reactor core

P.Vogel, L.J.Wen, C.Zhang, Neutrino Oscillation Studies with Reactors, arXiv:1503.01059v1 [hep-ex] 3 Mar 2015
F.A. Danevich
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Reactor electron antineutrino
history: first neutrino detection
Reines and Cowan, 1953-1959 [1, 2]
These experiments definitely confirmed the existence of the free neutrino

Savannah River Plant of the U.S. Atomic Energy Commission
(1) liquid scintillator detector (1400 liters);
(2) scintillation anticoincidence counter to suppress
cosmic-ray background;
(3) two groups of photomultipliers connected for
coincidence;
(4) electronic equipment;
(5) double beam oscillograph;
(6) lead and paraffin shields against reactor radiation
A reactor-power-dependent signal was observed.
A cross section of σ = (11 ± 2.6) × 10-44 cm2 was obtained. The theoretical value of the cross
section averaged over the antineutrino spectrum was estimated to be (10–14) × 10-44 cm2
F. Reines, C. L. Cowan, Detection of the free neutrino, Phys. Rev. 92 (1953) 830
C. Cowan et al., Detection of the free neutrino: A confirmation, Science 124 (1956) 103
F.A. Danevich
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Reactor electron antineutrino
early experiments: Grenoble
Search for neutrino oscillations at a fission reactor at Grenoble, France: detector
Detector was at an effective distance of 8.76 m (antineutrino flux of 9.8x1011 cm-1 s-1)

accidental
background

Detector consisted of 377 l of scintillation
counters (to detect the positron signal) and 3He
counters to detect neutron

Positron energy spectra for reactor
on (3088.7 h live time) and reactor
off (1181.8 h live time)

H. Kwon et al., Search for neutrino oscillations at fission reactor. Phys. Rev. D 24 (1981) 1097
F.A. Danevich
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Reactor electron antineutrino
early experiments: Grenoble
Search for neutrino oscillations at a fission reactor at Grenoble, France: result

Positron energy spectrum. The solid curve
represents the expected positron spectrum
based on the reactor electron-spectrum
measurement (ILL). The calculated spectra “AG”
and “D” are also shown.

The ratio of the experimental to the theoretical
positron yield. The ratio assuming no
oscillations was determined to be
Yexp/Yno ocs = 0.955  0.035 (stat.)  0. 110(syst.)

No oscillation effect was detected
H. Kwon et al., Search for neutrino oscillations at fission reactor. Phys. Rev. D 24 (1981) 1097
F.A. Danevich
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Reactor electron antineutrino
early experiments: Grenoble
Search for neutrino oscillations at a fission reactor at Grenoble, France: result
The limits on the neutrino-oscillation parameters
m2 versus sin22 given by the Grenoble experiment [1]
for 68% and 90% confidence level (C.L.). The regions to
the right of the curve can be excluded. The allowed
regions proposed in Ref. [2] are shown as a shaded area
contained by the curves labeled UCI.

Typically the results of oscillation experiments are
presented as two-dimensional plot m2 versus sin22
[1] H. Kwon et al., Search for neutrino oscillations at fission reactor. Phys. Rev. D 24 (1981) 1097
[2] F. Reines et al., Evidence for Neutrino Instability, Phys. Rev. Lett. 45 (1980) 1307
F.A. Danevich
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Reactor electron antineutrino
early experiments: Gösgen
Search for neutrino oscillations at the 2.8 GW nuclear reactor in Gösgen (Switzerland)
The reactor provided 51020  e per second
The energy spectrum of the antineutrinos was measured at three distances, 37.9, 45.9,
and 64.7 m, from the reactor core.

The neutrino detector is nearly identical to
the one previously used for the measurements at the Grenoble reactor

Detector assembly of the neutrino
experiments at Gösgen

G. Zacek et al., Neutrino-oscillation experiments at the Gösgen nuclear power reactor. Phys. Rev. D 34 (1986) 2621
F.A. Danevich
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Reactor electron antineutrino
early experiments: Gösgen
Search for neutrino oscillations at the 2.8 GW nuclear reactor in Gösgen (Switzerland)
a) Experimental spectra for reactor-on and reactoroff periods. The contributions of the accidental
background are indicated by the dashed curves. ib)
Measured and predicted positron yields. The
measured positron spectra obtained from the
subtraction of reactor-on and reactor-off spectra
are shown for experiments at distances 37.9, 45.9
and 64, 7 m. The solid and dashed curves represent
the predicted positron yields derived by using the
different approaches based on characteristics of the
reactor.

G. Zacek et al., Neutrino-oscillation experiments at the Gösgen nuclear power reactor. Phys. Rev. D 34 (1986) 2621
F.A. Danevich
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Reactor electron antineutrino
early experiments: Gösgen
Search for neutrino oscillations at the 2.8 GW nuclear reactor in Gösgen (Switzerland)

Exclusion plots for the oscillation parameters m2 and sin22 utilizing different antineutrino spectra
and some other characteristics. The results are consistent with the absence of neutrino oscillations:
limits on the oscillation parameters are m2 <0.019 eV2 (90% C.L.) for maximum mixing (sin22 = 1) and
sin22 < 0.21 (90% C.L.) for m2 > 5 eV2 .
G. Zacek et al., Neutrino-oscillation experiments at the Gösgen nuclear power reactor. Phys. Rev. D 34 (1986) 2621
F.A. Danevich

Univ. Tor Vergata

20
April 15 , 2015

Reactor electron antineutrino
early experiments: Rovno
Search for neutrino oscillations at the 1.375 GW nuclear reactor in Rovno (Ukraine)
The important feature of the Rovno experiment was using of two
different detectors in the same  e flux.

Main details of the experimental setup: I-integrating
detector; 2-scintillation-counter spectrometer; 3polyethylene; Gscintillators of the anticoincidence
shield; 5- anticoincidence detectors;

Limits on the oscillation parameters m2, sin22

The oscillation effects were not confirmed

A. I. Afonin et al., A study of the reaction e + p  e+ + n on a nuclear reactor. J. Exp. Theor. Phys. 67 (1988) 213
F.A. Danevich
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Reactor electron antineutrino
early experiments
Krasnoyarsk neutrino oscillation experiment
Detector in shape of hexagonal prism filled by
458 kg of granulated polyethylene. The prism
contained 90 3He proportional counters to
detect neutrons. The measurements were
carried out in the flux of antineutrino from 3
reactors at distance 57 m, 57.6 m and 232 m.

G.S. Vidyakin et al., A study of the reaction  e+ p  e+ + n on a nuclear reactor. JETP Lett. 59 (1994) 390
F.A. Danevich
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Reactor electron antineutrino
early experiments
Savannah River Site experiment
A search for vacuum neutrino oscillations in the range m2 > 0.01 eV2
with sin22 > 0.05 was performed with a detector placed at two
different distances (18 and 24 m) from a production reactor. The results
observed are inconsistent with oscillations in this region and consistent
with other reactor experiments.
275 liters of
xylene based
liquid scintillator
with 0.5% of
gadolinium

The detector was situated 12 m
below the 2.0 GW reactor

The positron spectra normalized for reactor power at
positions 1 (a) and 2 (b). The solid lines represent the Monte
Carlo predictions assuming no oscillations.

Z.D.Greenwood et al., Results of a two-positron reactor neutrino-oscillation experiment. Phys. Rev. D 53 (1996) 6054
F.A. Danevich
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Reactor electron antineutrino
early experiments
Experiment using Bugey 2.8 GW reactor
Measurements of neutrino energy spectra at
15, 40 and 95 m with 6Li-loaded liquid
scintillator

The neutron capture energy spectra for reactor-on and
reactor-off periods (upper part) and the difference of the
reactor-on and reactor-off periods (lower part).
B. Achkar et al., Search for neutrino oscillations at 15, 40, and 95 meters from a nuclear power reactor
at Bugey, Nucl. Phys. B434 (1995) 503
see also review: C. Bemporad, G. Gratta, P. Vogel, Reactor-based neutrino oscillation experiments, Rev.
Mod. Phys. 74 (2002) 297.
F.A. Danevich
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Reactor electron antineutrino
early experiments
Experiment using Bugey 2.8 MW reactor
The ratio of the observed
and the predicted positron
spectra in the absence of
oscillations: at 15 m
(upper), at 40 m (middle),
and at 95 m (lower part).

The exclusion contour obtained from the positron energy
spectra at 40, 15 and 95 m. Results of earlier reactor and
Kamiokande experiments are also shown.
No oscillations were observed
The early experiments (slides 15-25) were not able to detect neutrino oscillations since they
were directed to be sensitive to the too large neutrino mass scale m2 on the level of ~0.1-10 eV
B. Achkar et al., Search for neutrino oscillations at 15, 40, and 95 meters from a nuclear power reactor
at Bugey, Nucl. Phys. B434 (1995) 503
see also review: C. Bemporad, G. Gratta, P. Vogel, Reactor-based neutrino oscillation experiments, Rev.
Mod. Phys. 74 (2002) 297.
25
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Reactor electron antineutrino
search for oscillation at middle (~1 km) distance
Experiment measuring neutrino from two Chooz reactors (total 8.5 GW ) at 1 km

The target material is paraffinic
liquid scintillator loaded with
0.09% gadolinium; 300 m.w.e.
rock overburden
M. Apollonio et al., Initial results from the CHOOZ long baseline reactor neutrino oscillation experiment, Phys. Lett.
B 420 (1998) 397
Apollonio, M. et al. Limits on neutrino oscillations from the CHOOZ experiment. Phys. Lett. B 466 (1999) 415 26
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Reactor electron antineutrino
search for oscillation at middle (~1 km) distance
Experiment measuring neutrino from two Chooz reactors (total 8.5 GW ) at 1 km
Expected positron spectrum for the
case of no oscillations,
superimposed on the measured
positron obtained from the
subtraction of reactor-on and
reactor-off spectra; (below)
measured over expected ratio. The
errors shown are statistical

From the statistical agreement
between detected and expected
neutrino event rates, no evidence for
neutrino oscillations in the n
disappearance mode was found
M. Apollonio et al., Search for neutrino oscillations on a long base-line at the CHOOZ nuclear power station, Eur.
Phys. J C 27 (2003) 331
27
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Reactor electron antineutrino
search for oscillation at middle (~1 km) distance
Experiment measuring neutrino from Palo Verde 11.6 GW reactors at 800 m

Segmented gadolinium-loaded
scintillation detector

Spectrum of neutrino events
supporting the no-oscillation
scenario.

The antineutrino flux agrees with that predicted in the absence of oscillations excluding at 90% C.L.
oscillations with m2 > 1.12 10-3 eV2 for maximal mixing and sin22 > 0.21 for large m2. The results
support the conclusion that the atmospheric neutrino oscillations observed by Super-Kamiokande do
not involve e
F. Boehm et al., Search for neutrino oscillations at the Palo Verde nuclear reactors. Phys. Rev. Lett. 84 (2000) 3764
F.A. Danevich
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Neutrino from Earth
observation of reactor neutrino oscillations
KamLAND long distance experiment

Schematic diagram of the KamLAND detector

Location map of the contributions to the reactor
signal for the KamLAND experiment. A fluxweighted average distance is ∼180 km.

K. Eguchi. et al. First results from KamLAND: Evidence for reactor antineutrino disappearance. Phys. Rev. Lett.
90 (2003) 021802
29
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Reactor electron antineutrino
KamLAND: detection of neutrino oscillation
KamLAND long distance experiment
no oscillations

sin22θ=0.83,
Δm2=5.5×10-5 eV2
Prompt event energy spectrum of e candidate
events. (top panel) The energy-dependent
selection efficiency. The shaded background and
geoneutrino histograms are cumulative.

The ratio of measured to expected ν̅ e flux
from reactor experiments

K. Eguchi et al., First results from KamLAND: Evidence for reactor antineutrino disappearance. Phys. Rev. Lett.
90 (2003) 021802
Araki, T. et al. Measurement of neutrino oscillation with KamLAND: Evidence of spectral distortion.
Phys. Rev. Lett. 94 (2005) 081801
F.A. Danevich
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Reactor electron antineutrino
KamLAND: detection of neutrino oscillation
KamLAND long distance experiment

Ratio of the e spectrum to the expectation for
no-oscillation as a function of L0/E (L0 is the
effective baseline taken as a flux weighted
average L0 = 180 km). The histogram and
curve show the expectation accounting for
the distances to the individual reactors, timedependent flux variations, and efficiencies.

Allowed region for neutrino oscillation
parameters from KamLAND and solar neutrino
experiments. The side-panels show the 2profiles for KamLAND (dashed line) and solar
experiments (dotted line) individually, as well as
the combination of the two (solid line).
S. Abe et al., Precision measurement of neutrino oscillation parameters with KamLAND. Phys. Rev. Lett. 100 (2008)
221803
F.A. Danevich

Univ. Tor Vergata

31
April 15 , 2015

Reactor electron antineutrino
measurement of the mixing angle 13 in kilometer-baseline experiments
Daya Bay: experiment

Layout of the Daya Bay experiment. Reactors
are labeled as D1, D2, L1, L2, L3, L4. Six
antineutrino detectors (AD1–AD6) are installed
in three underground experimental halls (EHs).

Schematic diagram of the Daya Bay detectors (AD)

F.P. An et al., Observation of electron-antineutrino disappearance at Daya Bay. Phys. Rev. Lett. 108 (2012) 171803
F.A. Danevich
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Reactor electron antineutrino

measurement of the mixing angle 13 in kilometer-baseline experiments
Daya Bay: results on 13

Ratio of measured versus expected signal in each
detector, assuming no oscillation. The oscillation
survival probability at the best-fit value is given by
the smooth curve. The AD4 and AD6 data points
are displaced by -30 m and +30 m for visual clarity.
The 2 versus sin2213 is shown in the inset.

Top: Energy spectrum of the three far ADs
compared with the no oscillation prediction
(from the measurements of the two near halls).
Bottom: The ratio of measured and predicted nooscillation spectra. The solid curve is the best-fit
solution with sin2213 = 0.092

sin2213 = 0.092  0.016(stat.)  0.004(syst.)
F.P. An et al., Observation of electron-antineutrino disappearance at Daya Bay. Phys. Rev. Lett. 108 (2012) 171803
F.A. Danevich

Univ. Tor Vergata

33
April 15 , 2015

Reactor electron antineutrino

measurement of the mixing angle 13 in kilometer-baseline experiments
Daya Bay: results on  oscillations in kilometer baseline experiment

The ratio of the e spectrum to the expectation for no-oscillation in the three experimental halls as
a function of Leff/E. The effective baseline Leff is determined for each experimental hall (EH)
equating the multi-core oscillated flux to an effective oscillated flux from a single baseline. A nearcomplete cycle of the expected periodic oscillation feature is observed. The oscillation survival
2
probability using the best estimates of 13 and | m31
| is given by the red curve.
F.P. An et al., Spectral measurement of electron antineutrino oscillation amplitude and frequency at Daya Bay, Phys.
Rev. Lett. 112 (2014) 061801
34
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Reactor electron antineutrino

measurement of the mixing angle 13 in kilometer-baseline experiments
RENO: experiment

Ratio of the measured reactor neutrino events relative to the
expected with no oscillation

A schematic view of a RENO detector.
The near and far detectors are identical

Observed spectrum of the
prompt signals in the far
detector compared with the
non-oscillation predictions
from the measurements in
the near detector.

sin2213 = 0.113  0.013(stat.)  0.019(syst.)
J.K. Ahn et al., Observation of reactor electron antineutrinos disappearance in the RENO experiment.
Phys. Rev. Lett. 108, 191802 (2012).
35
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Reactor electron antineutrino

measurement of the mixing angle 13 in kilometer-baseline experiments
Double Chooz: experiment
8.5 GW reactor, two detectors at 400 m and 1050 m
Prompt energy spectra
for the no-oscillation case
and for the best fit
sin2213, superimposed
on the measured
spectrum. Inset: Stacked
histogram of
backgrounds.

Bottom: Difference between data and the no-oscillation
spectrum (data points) and difference between the best
fit and no-oscillation expectations (curve).
The Double Chooz detector system

sin2213 = 0.086  0.041(stat.)  0.030(syst.)
Y. Abe et al., Indication of reactor e disappearance in the Double Chooz experiment. Phys. Rev. Lett. 108 (2012)
131801
36
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Reactor electron antineutrino
planed reactor experiments
JUNO (Jiangmen Underground Neutrino Observatory) for the determination of the
neutrino mass hierarchy and precision measurement of the oscillation parameters
20 kilotons detector
(20 times larger
than that KamLAND
or Borexino)

JUNO's layout and expected signal. JUNO is
located at a baseline of 53 km from two
powerful nuclear plants. The shaded
histograms in the inset show the expected e
energy spectra at JUNO with and without
backgrounds after 6 years‘ running.

The default option of the central detector: an
acrylic sphere and a stainless steel truss. It is
contained in a water pool equipped with PMTs as
a water Cherenkov detector.

M. He Jiangmen Underground Neutrino Observatory arXiv:1412.4195v1
F.A. Danevich
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Reactor electron antineutrino
planed reactor experiments: RENO-50

An underground detector of RENO-50 under
proposal will consist of 18,000 tons of ultralow-radioactivity liquid scintillator and 15,000
high quantum efficiency 20” photomultiplier
tubes

RENO-50 will be located underground 47 km from the
Hanbit nuclear power plant. The contours of different
colors indicate the sensitivity of mass hierarchy
determination. The perpendicular direction from the
reactor alignment has the highest sensitivity.

The next-generation medium-baseline reactor experiments provide a unique
opportunity to determine the neutrino mass hierarchy with the precision measurement
of the reactor neutrino spectrum.
S.B. Kim, New results from RENO and prospects with RENO-50, arXiv: 1412.2199
F.A. Danevich
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Reactor electron antineutrino
searching for sterile neutrinos
•

LSND anomaly: anomalous event excess in the     e appearance channel,
which could be interpreted as an oscillation with the m2  1 eV2. Such scale is
2
2
clearly incompatible with the above m21 and m31
[1]
Key parameters of the very short-baseline
reactor experiments. The table summarizes the
key parameters of the proposed very shortbaseline reactor experiments, including reactor
thermal power (in mega-watts), distance to
reactors, target mass of the detectors, dopant
material for neutron capture, and whether or
not highly segmented detectors are lanned.

Despite the challenges to build the detectors, very short-baseline reactor experiments provide a great
opportunity to observe the distinctive feature of the light sterile neutrino oscillations, due to their
extended range of energy (1-8 MeV) and baselines (5-20 m). Within a few years' running, they expect to
cover the parameter region suggested by the experimental anomalies with a sensitivity better than 5
and may tell us whether the fascinating possibility of light sterile neutrinos is true or not.
[1] C.Athanassopoulos et al., Candidate events in a search for    e oscillations. Phys. Rev. Lett. 75 (1995) 2650
F.A. Danevich
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conclusions
•

•

Study of neutrino from supernova explosion could give information on supernova
explosion mechanism, neutrino properties. Although the observation of neutrinos
from SN1987A confirmed the supernova scenario, the observed number of events
was too small to reveal details of the explosion.
Investigation of high energy neutrinos allow to study structure of Universe
(neutrinos propagate almost without distortions), properties of neutrino, ultrahigh cosmic rays generation and propagation mechanism, search for dark matter

• Nuclear reactors are one of the most intense, pure, controllable, cost-effective,
and well-understood sources of neutrinos. Reactors have played a major role in
the study of neutrino oscillations, a phenomenon that indicates that neutrinos
have mass and that neutrino flavors are quantum mechanical mixtures.
• Over the past several decades reactors were used in the discovery of neutrinos,
were crucial in solving the solar neutrino puzzle, and allowed the
determination of the smallest mixing angle 13.
• In the near future, reactors will help to determine the neutrino mass hierarchy
and to solve the puzzling issue of sterile neutrinos.
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