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IS IT POSSIBLE
TO TEST THE LSND PARAMETERS

AT REACTORS?
V.V.Sinev

Russian Scientiˇc Centre ®Kurchatov Institute¯, Moscow

This report describes a part of the programme that was reported at the conference NANPino
2000. We propose a two-detector experiment at Krasnoyarsk for studying small mixing parameters
at atmospheric neutrino mass range. As a ˇrst stage we consider here an experiment with two much
smaller detectors that can test the LSND region. In the framework of our programme we also study the
reactor antineutrino energy spectrum.

„µ±² ¤ Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ ´ Ï¥° ¶·µ£· ³³Ò ¶µ ¶µ¨¸±Ê µ¸Í¨²²ÖÍ¨° ´  ·¥ ±Éµ·¥, ±µÉµ· Ö Ê¦¥
¤µ±² ¤Ò¢ ² ¸Ó ´  ±µ´Ë¥·¥´Í¨¨ NANPino-2000. ŒÒ ¶·¥¤² £ ¥³ ¶·µ¢¥¸É¨ Ô±¸¶¥·¨³¥´É ¢ Š· ¸´µ-
Ö·¸±¥ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤¢ÊÌ ¤¥É¥±Éµ·µ¢ ¤²Ö ¨§ÊÎ¥´¨Ö ³ ²ÒÌ ¶ · ³¥É·µ¢ ¸³¥Ï¨¢ ´¨Ö ¢ µ¡² ¸É¨
³ ¸¸  É³µ¸Ë¥·´ÒÌ ´¥°É·¨´µ. ‚ ± Î¥¸É¢¥ ¶¥·¢µ£µ Ï £  ³Ò · ¸¸³ É·¨¢ ¥³ Ô±¸¶¥·¨³¥´É ¸ ¤¥É¥±Éµ-
· ³¨, ³¥´ÓÏ¨³¨ ¶µ · §³¥· ³, ±µÉµ·Ò° ³µ£ ¡Ò ¶·µ¢¥·¨ÉÓ µ¡² ¸É¨ ¶ · ³¥É·µ¢ LSND. ‚ · ³± Ì
´ Ï¥° ¶·µ£· ³³Ò ¶·µ¤µ²¦ ¥É¸Ö ¨¸¸²¥¤µ¢ ´¨¥ ¨ Ô´¥·£¥É¨Î¥¸±µ£µ ¸¶¥±É·   ´É¨´¥°É·¨´µ µÉ Ö¤¥·-
´µ£µ ·¥ ±Éµ· .

INTRODUCTION

Today we have at least three evidences of neutrino oscillations [3Ä5] or the so-called hints
on existing the neutrino mass. They are listed in Table 1. This requires four neutrino types.
One of them is sterile [3].

Table 1. Mass oscillation parameters

Source of ν ∆m2, eV2

Solar [3] ∼ 10−5

Atmospheric [4] ∼ 10−3

Accelerator (LSND) [5] ∼ 1

The ˇrst two mass parameters in Table 1 are well known and physicists believe them.
The problem is in the third. The LSND experiment gives enough wide region for oscillation
parameters 0.2 ≤ ∆m2 ≤ 0.6 eV2 at the level of Bugey3 limitations at sin2 2θ ≈ 0.02.

Are the LSND parameters real or not? Is it possible to test them in another experiment,
for example, at reactors? Below we consider some aspects of detecting neutrino in a reactor
experiment.
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1. REACTOR EXPERIMENT

Fig. 1. Experimental ratios of measured to ex-
pected cross sections for inverse beta-decay reac-

tion as a function of distance

Usually at reactors one can measure cross
section of ν̄ep reaction (1).

ν̄e + p → n + e+. (1)

The cross section is measured through reg-
istration of positrons and neutrons that are
products of this reaction. So one can get a
positron energy spectrum that is a convolu-
tion of neutrino energy spectrum ρ(E) and
differential cross section σ(E)

Se(T ) =
∫

ρ(E)σ(E)εR(E, T )dE, (2)

where ε is registration efˇciency and R(E, T )
is a response function of the detector. After
measuring the energy spectrum of positrons
it is easy to calculate the cross section of
reaction (1) by integrating e+ spectrum Se(T )

σνp =
∫

Se(T )dT. (3)

Then measured values of cross section and/or positron spectrum may be compared with the
expected ones in no-oscillation case.

In Fig. 1 one can see the ratios of measured and expected values of cross sections in
numerous experiments at a different distances from the reactor core. They can be easily
described by LSND parameters.

In Fig. 2 the ratios of spectra at two distances from reactor obtained in two experiments
(Bugey3 [6], Rovno [7]) are shown. The solid line in the ˇgure is calculated ratios of spectra
at the same distances with appointed parameters. It is well seen that LSND parameters also
satisfy these experimental results. So we can conclude that existing reactor oscillation exper-
iments do not exclude completely oscillations in LSND mass parameter region. Oscillation
parameters that are the best ˇts of experiments at reactors are presented in Table 2.

Table 2. Oscillation parameters as ˇts of experimental spectra ratios

Experiment ∆m2, eV2 sin2 2θ

Geosgen, 1986 [8] 0.88 0.1Ä0.06
Rovno, 1987 [7] 0.9 0.09
Bugey3, 1995 [6] 0.45Ä1.6 0.03Ä0.09
ILL, revised in 1995 [10] 2.2 0.48Ä0.2
SRP, 1996 [9] 3.84 0.085
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Fig. 2. Experimental ratios of positron spectra from two experiments [6, 7]. The solid line in the ˇgure

is calculated ratios of spectra at the same distances with appointed parameters

2. PROPOSED EXPERIMENT

Fig. 3. Sources for detector calibrations.
The solid line is the positron energy

spectrum, the dashed line is the spectrum

generated by Cf source

The goal of proposed in this article new experiment
at Krasnoyarsk reactor is an attempt to test directly
the parameters of LSND. We propose to measure the
positron spectrum from reaction (1) simultaneously by
two identical detectors located at distances 20 and 35 m
from a reactor. Each detector consists of three parts.
The central volume is ˇlled with liquid scintillator on
the base of mineral oil about 3 tons in mass. It is
surrounded by buffer volume of pure mineral oil. Both
volumes are viewed by photomultipliers and all this
construction is immersed in oil active veto shielding.

In no-oscillation case the ratio of two simultane-
ously measured positron spectra is energy independent.
Small deviations from the constant value are searched
for oscillations. The measured ratio is also indepen-
dent of the exact knowledge of reactor antineutrino
�ux and energy spectrum, burn up and the reaction cross section, the numbers of the target
protons, etc. But the difference in detector characteristics should be controlled. For this
purpose we plan to do necessary calibration during the data taking. As control ratio we plan
to use the spectrum of prompt gamma-rays of 252Cf. This spectrum and the spectrum of
positrons is shown in Fig. 3. The arrows indicate the energy position of calibration sources.
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3. EXPECTED RESULTS AND CONCLUSIONS

Fig. 4. Limits on oscillation parameters and

LSND (99 % C.L.) parameter region

The expected rates of detecting neutrino events
at 20 and 35 m are ∼ 5 · 103 d−1 and 1.5 · 103 d−1,
respectevely. So one can achieve statistics about
3 million events at 20 m and 1 million at 35 m
during two years of data taking time. It will give
statistical uncertainty less than 0.5 %. We expect
also to acheive sysematic uncertainty of about 0.5 %
using calibration procedures described above.

There were done some Monte Carlo calculations
of positron spectra accounting the ˇnite reactor and
detector dimensions. Using this spectra we have
calculated expected limits on oscillation parameters.
They are shown in Fig. 4. In mass parameter re-
gion heigher than 1 eV2 there is strong in�uence of
reactor dimensions. The same procedure was used
to calculate a parameter limits with another reactor
type (PWR). It is shown also in the same ˇgure.
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