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Fast Neutrino Oscillation in Short Baseline Reactor
Antineutrino Experiments
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ATOMHBIE 3JIEKTPOCTAHIMU AKTHUBHO HCIOAL3YIOTCH JJisd U3YyUYeHHs CBONCTB
HeﬁTpHHO 6.}18.1"0;[&1)5{ MHTEHCUBHOMY IIOTOKY YaCTHUIL, 9YTO IMO3BOJIAECT HaKallJINBATH
3HAYUTENILHYIO CTATUCTUKY. B 3KcrnepuMmeHTax Ha KOPOTKON OCHUJIIAIUOHHOMN
base, rae paccTOSHUE MEXKy PEAKTOPOM M JIETEKTOPOM cocTapiisgeT menbire 100
M, BaXXHO YUYHTBIBATH Pa3MBITHE IIPOHIECHHOIO PpaCCTOAHMSI, YTOObI M30€KATh
[IePEOIEHKN TYBCTBUTEJIHLHOCTH JETEKTOPA K HEHTPUHHBIM OCITU/LIAIIHISIM.

JaHHOM paboTe TpEJCTABICHBI PE3yJAbTaThl ydUeTa pasMbITHS  JIJIsd
OCIILIATIMOHHON 6a3bl B 15 M U MPOBEIEHO CPaBHEHME C TOUETHON MOJIEJIBIO.

Nuclear power plants are actively used to study the properties of neutrinos due
to the intense 7, flux, which makes possible to accumulate significant statistics. In
short baseline experiments, where the distance between the reactor and the detector
is less than 100 meters, it is important to take into account the smearing of the
oscillation base to avoid overestimating of sensitivity to fast neutrino oscillations.

This work presents the results of accounting for this smearing for a 15 m oscil-
lation baseline and compares them with a point-like model.

PACS: 44.25.+f; 44.90.4+c

Introduction

Properties of neutrino have been studied for the last half-century. The
discovery of neutrino oscillation confirmed the fact that neutrinos have mass.

Nuclear power plants (NPPs) are ideal artificial source of antineutrinos.
Intensity of these sources is 2 - 10 v, /sec/GW. Also, energies of reactor
antineutrinos are below 12 MeV, making it possible to detect 7, via the
inverse beta decay (p + 7. — e™ + p). NPPs are used to measure oscillation
parameters of survival probability of 7,. The oscillation baseline, distance

'E-mail: zavadskyi@jinr.ru
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Fig. 1. Survival probability of electron antineutrino for distances: 14 m (gray
dashed dotted line), 15 m (gray dashed line), and 16 m (gray dotted line). Weighted
sum of survival probability is shown (black solid line).

22 between reactor and detector, varies from several kilomiters to hundreds
25 of kilomiters for three-flavor oscillation experiments. At the same time, the
26 short baseline reactor experiments (baseline ~ 100 m) can be used for precise
7 measurements of the 7, spectra of nuclear fuel.

28 First measurements of the 7, spectra were provided in 1980th. Measured
20 spectra was used in several experiments to predict number of 7., but they
30 have observed deficit of 7, events. This deficit is known as the reactor an-
a1 tineutrino anomaly [1]. Historically, the first explanation of RAA was given
32 in the terms of sterile neutrinos. Sterile neutrinos interact gravitationally
33 only and can mix with active neutrinos.

34 Nowadays, the significance of the RAA decreases with updated measere-
s ments of 7, spectra, but sterile neutrinos make sense as a search for the
s physics beyond the Standard Model.

37 Neutrino oscillation
38 Usually, neutrino oscillation is described within the 3v oscillation frame-
30 work. In the case of short baseline experiments, it is possible to use the
a0 2v approximation. The following formula is used to describe the survival
a1 probability of electron antineutrinos in the case of fast oscillation

1 Am?
P(W, = 7.) = 1 — —sin® 20y, sin® 4 1
( e e) 4 14 < 4Ey ) ( )
22 where 64 is a mixing angle between the first and forth massive states, Am3,
a3 is the difference of squared masses, E, is the energy of neutrino, L is the
s distance traveled by antineutrino between the birth and detection points.
a5 The typical oscillation over the energy of neutrino is shown in figure 1.
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Fig. 2. Distribution of distances between reactor and detector (gray solid line) and
fit by the Gaussian distribution (black dashed line). Weights of Guassian-Hermitian
(GH) are demonstrated (black crosses). The distance between geometrical centers
of detector and reactor is 15 m.

Experimental setup

A toy model of the short baseline experiment was used to study fast oscil-
lation. The sizes and power of the reactor are taken from typical commercial
version. The reactor is cylinder with height of 4 m and radius of 2 m, the ther-
mal power is 3 GW. Nuclear fuel is uniformly distributed in the volume of the
reactor. The spectrum of 7, is formed from spectra of isotopes with the fol-
lowing fission fractions: 23U : 238U : 239Pu : 24'Pu ~ 0.58 : 0.08 : 0.29 : 0.05.

The detector is sphere with a radius of 1 m, filled with liquid scintillator.
It contains 2.7-10%° protons. The energy resolution of detector is 16.5% for 1
MeV. The response of the detector takes into account only energy resolution.
However, in the real experiment, it is crucial to concider the non-linearity of
liquid scintillator.

The oscillation baseline is equal to 15 m. The effective time of collecting
events is 36.4 days. The total number of observed 7, events is 1.7-10° events
under assumption of no oscillation effect.

Distribution

To determine the smearing of oscillation baseline, the following Monte-
Carlo experiment was conducted. The point of birth is uniformly randomized
in the cylindrical volume of the reactor. The point of detection is uniformly
randomized within the spherical volume of the detector. Finally, the position
of the detection point is additionally randomized within a ,resolution” sphere
with radius of 10 cm. The previous steps are repeated 10® times. The
distribution of distances is obtained and fitted with a Gaussian-like function.

To account for the smearing of oscillation baseline, the distribution is di-
vided into 6 points and integrated using Gaussian-Hermite quadrature. The
distribution of distances and its fit are illustrated in the figure 2. Non point
sizes of reactor and detector lead to oscillation baseline smearing. Base-
line smearing causes supression of observed oscillation. If smearing is not
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accounted in analysis, it may cause missfitting of observation. Effect of sup-
pressed oscillation is illustrated in the figure 1.

Analysis

The toy experiment is modeled using the following function

do(E,,cosf)

IBD lobal N, / Fi
NP = N#° aC’kjFZZ/dCOSH/E dE, Teos 0

o Win
/x 0 dx f(x)P(E,, x)z T E, Z fiSi(E,), (2)
1

where Ne&°Pal is a scale factor, N, is a number of target protons, L is the
distance between the centers of reactor and detector, C;; is an element of the
resolution matrix, f(z) is a distribution of the traveled distance by 7., Wy,
is a thermal power of the reactor, f; is the fission fraction of isotope i, E; is
the fission energy of isotope i, S; is a spectrum of 7.. xy and z; denote the
minimum and maximum traveled distance by 7,.

The analysis of sensitivity is obtained through Gaussian approximation
of CLy [2]. The analysis operates with the following y?

X2(,U,, d> Nglobal) = (H - d)(vd t + ‘/sc}lfst>_1(:u - d)? (3)

sta
where 1 is a vector of modeled IBD events, d is a vector of observed data.
The matrices V{,, and VI represent statistical and systematic uncertainties,
respectively.

The sensitivity of the toy experiment is demonstrated in figure 3. It is sen-
sitive to the parameters of sterile neutrino in the region 1072 eV? < Am3; <
10 eV?2 over two orders of sterile amplitude sin® 26;,. Further accumulation of
data will expand sensitivity to lower values of the amplitude sin?26,4. How-
ever, taking into account the smearing of the oscillation baseline decreases
the sensitivity in the area of large sterile mass splitting.

Conclusion

Hypothetical sterile neutrinos are arises with Am?, ~ 7 e¢V? [3]. Com-
mercial reactors are very large but this fact does not significantly change
sensitivity. The presence of baseline smearing can diminish sensitivity, espe-
cially in regions of large sterile mass splitting.
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Fig. 3. Sensitivity of the toy experiment. The sensitivity of the point (gray solid
line) and continuous (black dashed line) detectors and reactors are shown.
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