
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Recent Solar neutrino Results from Super-
Kamiokande
To cite this article: Y. Nakano and for theSuper-Kamiokande Collaboration 2020 J. Phys.: Conf. Ser.
1342 012037

 

View the article online for updates and enhancements.

You may also like
Physics prospects of the Jinping neutrino
experiment
John F. Beacom, Shaomin Chen,   et al.

-

Neutrino physics with JUNO
Fengpeng An, Guangpeng An, Qi An et al.

-

SOLAR MODELS WITH ACCRETION. I.
APPLICATION TO THE SOLAR
ABUNDANCE PROBLEM
Aldo M. Serenelli, W. C. Haxton and
Carlos Peña-Garay

-

This content was downloaded from IP address 18.224.37.68 on 06/05/2024 at 18:31

https://doi.org/10.1088/1742-6596/1342/1/012037
/article/10.1088/1674-1137/41/2/023002
/article/10.1088/1674-1137/41/2/023002
/article/10.1088/0954-3899/43/3/030401
/article/10.1088/0004-637X/743/1/24
/article/10.1088/0004-637X/743/1/24
/article/10.1088/0004-637X/743/1/24
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjss6VCa6PuWR_DHDqzHnofYD640ihvAUL_RHhya4GcPaNakgIxZOHx2o9a6_-resZ73em4gV5ExaENvQ5az4McKTEb78L45rDjp9P3Hpeo0fahlUvlDks7NCOcXPp3gArjo2VlsiLOoJfOlc2-ruTCQWJtY1pmC8_xQKOLhEtTTeDwAmOidzzoB-Gz1_1EgjjjXGgJJoaFfDM0ORe0jS3JqzeyIvwJtXaAc1f8zxFaCyfPPDmWSstdvvrlLDzG-XXVbEx2HG5vIB1k-1rwRHS3AhhUNKf57mi1vpRI4b6G9pYkuqizYL2aeeB26IrRL3VNC6ZVZLookvt5PgWTJ1Amv0G_wfvw&sig=Cg0ArKJSzHHkVg4t2ukb&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

XV International Conference on Topics in Astroparticle and Underground Physics

Journal of Physics: Conference Series 1342 (2020) 012037

IOP Publishing

doi:10.1088/1742-6596/1342/1/012037

1

Recent Solar neutrino Results from

Super-Kamiokande

Y. Nakano, for the Super-Kamiokande Collaboration

Kamioka Observatory, Institute for Cosmic Ray Research, The University of Tokyo,
Higashi-Mozumi 456, Kamioka-cho, Hida-city, Gifu 506-1205, Japan.

E-mail: ynakano@km.icrr.u-tokyo.ac.jp

Abstract. Super-Kamiokande (SK), a 50 kton water Cherenkov detector in Japan, is
observing neutrinos and searching for proton decay and dark matter. The installation of new
front-end electronics in 2008 marks the beginning of the 4th phase of SK (SK-IV). With the
improvement of the water circulation system, calibration methods, reduction cuts, this phase
achieved the lowest energy threshold thus far: 3.5 MeV kinetic energy. SK studies the effects of
both the solar and terrestrial matter density on neutrino oscillations: a distortion of the solar
neutrino energy spectrum would be caused by the edge of the Mikheyev-Smirnov-Wolfenstein
resonance in the solar core, and terrestrial matter effects would induce a day/night solar neutrino
flux asymmetry. SK observed solar neutrino interactions for more than 20 years. This long
operation covers about ∼2 solar activity cycles. An analysis about a possible correlation between
solar neutrino flux and 11 year activity cycle will be presented.

1. Introduction
The solar neutrinos are produced by the nuclear fusion reaction, 4p → α + 2e+ + 2νe, in the
core of the Sun. Electron neutrinos (νe) produced in the Sun are so called pp, pep, 7Be, 8B and
hep neutrinos, whose fluxes had been predicted by the standard solar model [1]. Their energy
distributes from ∼0.1 MeV to ∼20 MeV.

Solar neutrino flux measurements from Super-Kamiokande (SK) [2] and Sudbury Neutrino
Observatory (SNO) [3] have provided direct evidence for solar neutrino flavor conversion.
However, there is still no clear evidence that this solar neutrino flavor conversion is indeed
due to neutrino oscillations and not caused by any other mechanism.

The current interesting physics motivation of the solar neutrino observation with the SK
detector [4] is to search for the Mikheyev-Smirnov-Wolfenstein (MSW) effect [5, 6]. The MSW
effect leads to a resonant conversion of the higher energy solar neutrinos within the Sun and
results in an about 30% level of the survival probability above a few MeV, which is so called
“Up-turn”. Since the energy spectrum reflects the survival probability of the electron neutrinos,
the SK searches for the “Spectrum up-turn” by measuring the recoil electron energy spectrum.
In addition, due to the matter effect in the interior of the Earth, the electron flavor neutrinos
are regenerated. It is expected that the neutrino flux in night is larger than that in day by
about a few % level depending on the neutrino oscillation parameters. In 2014, SK reported an
indication of the terrestrial matter effects by about 2.7σ [7].
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2. 8B solar neutrino flux measurement
In 2016, the Super-Kamiokande collaboration released a paper about the solar neutrino analysis
results using SK-IV 1,664 days data set [8]. In this proceedings, the updated results are
presented using data taken until the end of March 2016 (SK-IV 2,365 days data set) for the
flux measurement. The total livetime throughout the difference phases of SK (SK-I [2], SK-II [9]
and SK-III [10]) are 5,200 days.

The SK detector observes solar neutrino via the elastic scattering between the solar neutrino
and the electron in pure water. In the case of ν-e interaction, the direction of the recoil electron
is highly correlated with the direction of the incident neutrino. Figure 1 shows the distribution
of cosine between the reconstructed direction of observed recoil electrons and the direction of
the Sun. Using 5,200 days data, more than 84,000 events are observed so far. Based on this
data, the 8B solar neutrino flux is determined to be (2.355± 0.033)× 106 /cm2/sec assuming a
pure electron neutrino flavor content. The ratio between the SK’s result and the SNO’s result
of the neutral current measurement [11] becomes 0.4486± 0.0062.

Figure 1. The solar angle distribution combining SK-I trough SK-IV. The horizontal axis
shows the cosine of the solar angle (cos θSun) and the vertical axis shows the number of observed
events. The black points show the observed data, the red (blue) histogram shows the best-fit
result (background-shape).

3. Periodic signal search
3.1. Yearly flux measurement
Although the standard solar model predicts the production rate of solar neutrinos in the core
of the Sun, it does not consider periodical activities of the Sun, for example, the rotation of
the Sun, the variation of the sun spots on the surface of the Sun and the modulation of the
solar magnetic fields. When a periodic signal of solar neutrinos is observed, this leads to an
improvement of the standard solar model.

The solar activity cycle is the 11 years periodic change of sun spots releasing the magnetic
flux at the surface of the Sun. The number of the sun spots strongly correlated with the solar
activity cycle. If the neutrino has a magnetic moment, the magnetic field inside the Sun would
cause precession of the neutrino spin [12, 13]. Therefore, checking the stability of the observed
solar neutrino flux is important in order to understand the properties of the neutrino.

Since the SK has observed solar neutrinos for more than 20 years, this long term observation
covers nearly 2 solar activity cycles. Figure 2 shows the SK yearly flux measured throughout the
different phases of SK together with the corresponding sun spot number (Source: WDC–SILSO,
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Royal Observatory of Belgium, Brussels [14]). Using the present data, the χ2 is calculated with
the total experimental uncertainties as χ2 = 15.52/19 d.o.f., which corresponds to a probability
of 68.9%. The SK solar rate measurements are fully consistent with a constant solar neutrino
flux emitted by the Sun.

Figure 2. The result of the solar neutrino flux measurement from 1996 to 2015. The red
points shows the yearly flux measured by SK (statistical error only), the gray bands shows
the systematic uncertainties for each SK phase, the black-horizontal line shows the combined
measured flux with the uncertainty drawn by the red band and the black points shows the sun
spot number [14].

3.2. Periodic modulation analysis
In order to search for an unexpected periodic signal of the solar neutrino, we had performed the
periodic search analysis using SK-I 1,496 days data set [15]. In the past analysis, we used 5-days
binning flux data sample whose energy range is from 4.5 MeV to 19.5 MeV in the recoil electron
kinetic energy and applied Lomb-Scargle method to the 5-days sample. Finally, we reported
that no significant periodic signal was found. On the other hand, other researches pointed
out that the periodic signal at ∼9.42 year−1 was observed using the same data set [16, 17].
Their analysis used the generalized Lomb-Scargle method [18] which deals the measurement
asymmetric uncertainty properly.

We performed a re-analysis of the SK-I 1,496 days data set [2] and an analysis of the SK-IV
1,664 days data set [8] using the generalized Lomb-Scargle method. The analysis condition is
summarized in Table 1.

Table 1. The summary of the periodic signal analysis.

SK phase SK-I SK-IV

Livetime 1,496 days [2] 1,664 days [8]
Analysis method Generalized Lomb-Scargle method

Binning 5-days
Analysis kinetic energy 4.5–19.5 MeV

Figure 3 shows the result of the periodic signal search using the generalized Lomb-Scargle
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method. The maximum peak at ∼9.42 year−1 is found in SK-I data sample while no significant
peak is seen around that frequencies in SK-IV data sample.
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Figure 3. The results of the periodic analysis using the generalized Lomb-Scargle method. The
black (red) line shows Lomb power of SK-I (SK-IV) as a function of frequency in unit of year−1.
The range of the frequency is from 5 year−1 to 15 year−1.

The updated analysis using the data set of SK-II, SK-III and recent SK-IV 2,645 days sample
will be performed soon.

4. Energy spectrum measurement
The energy spectrum of recoil electrons are extracted using an extended maximum likelihood
fit [8]. Figure 4 shows the combined energy spectrum from SK-I to SK-IV (the end of March
2017, where the livetime of SK-IV is 2,645 days, total livetime of SK is 5,480 days). The total
number of energy bins is 23, where 20 bins of 0.5 MeV width between 3.5 MeV and 13.5 MeV, and
two bins of 1 MeV between 13.5 MeV and 15.5 MeV, and one bin between 15.5 and 19.5 MeV.

In order to obtain the expected energy spectrum due to the MSW effect, the solar global
parameters is determined by referring the solar neutrino experiments from Homestake [19],
SAGE [20], GALLEX/GNO [21], SNO [11], Borexino [22, 23, 24] and SK [2, 9, 10, 8]. The solar
global parameters are determined sin2 θ12 = 0.308±0.014 and ∆m2

21 = 4.84+1.26
−0.60×10−5 eV2. By

adding the KamLAND anti-electron neutrino data [25, 26], the solar plus KamLAND parameters
are determined sin2 θ12 = 0.316±0.011 and ∆m2

21 = 7.49+0.19
−0.18×10−5 eV2. According to neutrino

oscillation parameters above, the expected curves of the MSW effect are also shown in Figure 4.
Comparing χ2 between the quadratic best-fit of the data (black) and the predictions (green and
blue), the SK recoil electron spectrum is consistent within ∼1σ with the MSW up-turn for the
solar global best-fit parameters and marginally consistent within ∼2σ with the MSW up-turn
for the solar plus KamLAND best-fit parameters.

5. Summary
The Super-Kamiokande detector has precisely measured the 8B solar neutrino flux, its time
variation and recoil electron spectrum. The 8B solar neutrino flux is measured to be
(2.355± 0.033)× 106 /cm2/sec. No significant correlation between the observed solar neutrino
flux and the sun spot number is found. The analysis searching for periodic signals of solar
neutrinos has been performed. The maximum peak at ∼9.42 year−1 found in SK-I data set has
not been found in SK-IV data set. The energy spectrum of recoil electrons is consistent with
the MSW prediction by ∼1σ (∼2σ) level for the solar global parameters (solar plus KamLAND
parameters).
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Figure 4. The energy spectrum as a function of the recoil electron kinetic energy combining
SK-I through SK-IV until March 2017. The vertical axis shows the ratio between the observed
data and the un-oscillated 8B MC solar neutrino spectrum.
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