View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CERN Document Server

THE LSND PUZZLE IN THE LIGHT OF M INIBOONE RESULTS?

THOMAS SCHW ET2Z
Physics D epartm ent, T heory D ivision, CERN , CH {1211 G eneva 23, Sw itzerland

I give a brief overview over various attem pts to reconcile the LSND evidence for oscillations
with all other global neutrino data, including the results from M inBooNE. I discuss the
status of oscillation schem es with one or m ore sterile neutrinos and comm ent on various
exotic proposals.
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1 Introduction

R econciling the LSN D ev:'denc for ! ¢ oscillations w ith the globalneutrino data reporting
evidence and bounds on oscillations rem ains a long-standing problem for neutrino phenom enol-
ogy. Recently the M niBooNE experin ent added m ore Inform ation to this question. T his
experin ent searches for ! ¢ appearance w ith a very sin ilar L=FE range as LSND .No evi-
dence for avour transitions is found in the energy range where a signal from LSND oscillations
is expected (E > 475 M &V ), whereas an event excess is observed below 475 M €V at a signi —
cance of 3 . Two— avour oscillations cannot account for such an excess and currently the origin
of this excess is under jnvestjgau'on, See a]so@. M iniBooN E results are inconsistent with a
tw oneutrino oscillation interpretation of LSND at 98% C L, see a]soEl. T he exclusion contour
from M InBooNE is shown in Fig.[ (left) in com parison to the LSND allowed region and the

previous bound from the KARM EN experin ent@, all in the fram ew ork of 2— avour oscillations.

arxXiv

2 Sterile neutrino oscillations

T he standard \solution" to the LSND problem is to introduce one or m ore sterile neutrinos at
the eV scale in order to provide the required m ass-squared di erence to accom m odate the LSND
sional n addition to \solar" and \atm ospheric" oscillhtions. However, n such schem es there

*Tak given at R encontresde M oriond EW 2008, La T huile, 1{8 M arch 2008
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Figure 1: Left: Two-neutrino exclusion contoursat 905 C L. (2dof.) forM niBooNE and KARM EN com pared

to the LSND allowed region at 90% and 99% C L. For all three experin ents the sam e % cut has been used

to de ne the 90% C L. region. R ight: Constraint on the LSND m ixing angle in (3+ 1) schem es from no-evidence

appearance and disappearance experin ents (NEV ) at 90% and 99% C L. The shaded region corresponds to the
allowed region from LSND decay-at—rest data.

is sever tension between the LSND signal and shortbaseline disappearance experin ents, m ost
In portantly B uge and CDH S,w ith som e contribution also from atm ospheric neutrino olataIEI .
I report here the results from a global analysis including M iniBooN E data w ithin schem es w ith
one, two and three sterile neutrino .

Fourneutrino oscillations w ithin so<alled (3+ 1) scham es have been only m arginally allow ed
before the recent M niB ocoN E resu]i:sll—llmm, and becom e even m ore disfavored w ith the new
data. W e nd that the LSND signal is disfavoured by all other nullxesult shortdbaseline ap—
pearance and disappearance experin ents (hhcluding M iniBooNE ) at the level of 4 . The
corresponding upper bound on the e ective LSND m ixing angle is shown in Fig. [ (right).
F Wwveneutrino oscillations in (3+ 2) schem e allow for the possibility of CP violation in short-
baseline oscﬂlatjonslﬂl. U sing the fact that in LSND the signal is In antineutrinos, whereas
presentM niBooNE data is based on neutrinos, these two experin ents becom e fully com patible
n (3+ 2) schem eslm. M oreover, in principle there is enough freedom to obtain the low energy ex—
cess In M niBooN E and being consistent at the sam e tin e w ith the nullxesult in the high energy
part aswell as w ith the LSND signal, see Fig.[J (left, red histogram ). However, in the global
analysis the tension between appearance and disappearance experin ents rem ains unexplained.
This problem is illustrated in Fig.[J (right) w here sections through the allowed regions in the
param eter space for appearance and disappearance experin ents are shown. An opposite trend
is clearly visible: whilke appearance data require non—zero values for them ixing of o and  with
the 6V scalem ass states 4 and 5 In order to explain LSND ,disappearance data provide an upper
bound on thism ixing. The allowed regions touch each other at 2 = 93, and a consistency
test betw een these two data sam ples yields a probability of only 0:18% , ie., thesem odels can be
considered as disfavoured at the 3  level~-. A 1so, because of the constraint from disappearance
experin ents the low energy excess in M iniBooNE can not be explained in the global analysis,
see Fig.[2 (Jeft, blue histogram ). Furthem ore, when m oving from 4 neutrinos to 5 neutrinos the

t In proves only by 6.1 units in 2 by introducing 4 m ore param eters, show ing that in (3+ 2)
schem es the tension in the t ram ains a sever problem . This is even true in the case of three

sterile neutrinos, since adding one m ore neutrino to (3+ 2) cannot in prove the sjtuatjon.
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Figure 2: Left: Best t spectra in (3+ 2) oscillations for M iniBooN E using appearance data only (M B, LSND ,

KARMEN,NOMAD )aswellasin theglobal t.R ight: Section of the 4-din ensionalvolum es allowed at 95% and

99% CL in the (3+ 2) schem e from SBL appearance and disappearance experin ents in the space of the param eters

In comm on to these two data sets. The values of m ﬁl and m él of the displayed sections correspond to the
point in param eter space where the two allowed regions touch each other (ata 2= 93).

3 Exotic proposals

Triggered by these problem sm any ideas have been presented in order to explain LSND , som e
of them involving v speculative physics, am ong them sterile neutrino decay, violation
of the CPT 171218 and/or Lorentz sym m etries, quantum decoherence|2‘_l|mlm| m ass—
varying neu’u:‘jnos, short—cuts of sterile neutrinos in extra dim ensjons, a non-standard
enependence of sterile neutrjnoslz_ﬂ, or sterile neutrinos interacting with a new gauge
boson . In the follow ing I comm ent on a personal selection of these exotic proposals, w ithout
the am bition of being com plete.

CPT violhtion. Triggered by the observation that the LSND signal is in antineutrinos,
w hereas their neutrino data is consistent w ith no oscillations, it was proposed that neutrinos
and antimeutrinos have di erent m asses and m ixing angles, w hich violates the CPT symm etry.
A rstchallenge to this dea hasbeen theK am LAND reactor results,which requirea m 2 atthe
solar scale for antineutrinos. Subsequently it has been shown that the oscillation signature In
SuperK atm ospheric neutrino data (which cannot distinguish between and events) is strong
enough to requirea m 2 25 102 &V? for neutrinos as well as for anti—neu’u:‘jnosm, Seelz_ﬁl
for an update. T his rules out such an explanation of the LSND signalw ith three neutrinos at
46 .However, Introducing a sterile neutrino, and allow ing for di erent m asses and m ixings for
neutrinos and anti—neutrjnogl_gl is fully consistent w ith alldata, incliding the M iniBooN E nulk-
result In neutrinos. Such am odelshould lead to a positive signalin theM iniB ooN E antineutrino
run.

Sterile neutrino decay. PreM iniBooNE data can be tted under the hypothesjs of a
sterile neutrino, which is produced in pion and muon decays because of a small m ixing w ith
muon neutrinos, §J 4j’ 0204, and then decays into an invisble scalar particle and a light
neutrino, predom inantly of the electron type. O ne needs valuesof gm 4 faw €V, g being the
neutrino{scalar coupling and m 4 the heavy neutrino m ass, eg.m 4 in the range from 1 keV to
1MeV andg 10 6 {10 3. Thism inin alm odelis in con ictw ith the nullresult ofM niBooNE .
It is possible to save this dea by Introducing a second sterile neutrino, such that the two heavy
neutrinos are very degenerate in m ass. If them ass di erence is com parable to the decay w dth,
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Figure 3: Left: Bounds from disappearance experin entsand M iniBooN E com pared to the LSND region for (3+ 1)

oscillations when the sterile neutrino m ass depends on energy asm ﬁ (E )/ E 03 R ight: Q uantum decoherence

in threeactive neutrino oscillations. L ines correspond to 99% CL regionsof individualexperim ents, shaded regions

show the 90% and 99% CL region of the global analysis, and the starm arks the best tpoint. T he param eter
isde ned by param eterizing the decoherence param eter as = -E (40Mev=E ).

CP violation can be introduced in the decay, and the nullxesult ofM niBooN E can be reconciled
w ith the LSND sjgnall6 .

Sterile neutrinos w ith an exotic energy dependence. Shortbaseline data can be divided into
low energy (few M €V ) reactor experin ents, LSND and KARM EN around 40 M &V, and the
high-energy (G €V range) experim entsCDHS,M iniBooNE ,NOM AD .Based on this observation
it tums out that the problem s of the t in (3+ 1) schem es can be signi cantly alleviated if one
assum es that the m ass or the m ixing of the sterile neutrino depend on its energy in an exotic
way 28 por exam ple, assum ing that m ﬁ(E )/ E T one ndsthat orr > 0 theM niBooNE
exclusion curve is shifted to larger values of m 2, whereas the bound from disappearance ex—
perin ents is m oved tow ards larger values of the m ixing angle, and hence the various data sets
becom e consistent w ith LSND , com pare Fig.[d (left). At thebest tpointwith r /7 0:3 theglobal

t inproves by 12.7 units n 2 w ith respect to the standard (3+ 1) t. Sin ilar in provem ent
can be obtained if energy dependent m xing of the sterile neutrino is assum ed 26

Let us note that this is a purely phenom enological observation, and it seem s di cult to
construct explicit m odels for such sterile neutrinos. T here arem odelsw hich e ectively introduce
a non-standard \m atter e ect" for sterile neutrinos, eg. via exotic extra din ensions 23 or via
postulating a new gauge interaction of the sterile neutrinosé?. Sin ilaras in the usualM SW case,
the sterile neutrino encounters e ective m ass and m ixing w hich depend on energy. H owever, in
these approaches the m atter e ect flt by the sterile state has to be som e orders of m agnitude
larger than the standard weak—force m atter e ect of active neutrinos, in order to be relevant for
shortbaseline experm ents. In such a case, In general very large e ects are expected for long—
baseline experin ents such asM INO S, atim ospheric neutrinos, or Kam LAND . U nfortunately an
explicit dem onstration that a successfuldescription of all these data can bem aintained in such
m odels is still lacking.

Quantum deoherence. T he possibility that the origin of the LSND signalm ight be quantum
deccherence 1n neutrino oscillations has been considered 4422123 such e ects can be induced
by Interactions w ith a stochastic environm ent; a possible source for this kind of e ect m ight be
quantum gravity. T he attam pts to explain the LSND signal by quantum decoherence in 2Liz2



seam to be In con ict w ith present data. Both of these m odels are ruled out by the bound from
NuTevV,P |, ;P ;| .< 5 10 % (90% C L.)%2. Furthem ore, the m odel of“Y (where in
addition to decoherence, CPT =violation is also introduced which results in a di erence between
the oscillation probabilities for neutrinos and antineutrinos) cannot account for the spectral
distortion in the antimeutrino signal observed by Kam LAND , whereas the scenario ofiéd ig
disfavored by the absence of a signalin KARM EN ,NOMAD and M lniBooNE .

R ecently we have revisited this idea 23 by introducing a di erent set of decoherence param e-
ters. W e assum e that only the neutrinom ass state 3 isa ected by decoherence, w hereas the 12
sector is com pletely una ected, guaranteeing the standard explanation of solar and Kam LAND
data. Hence, denoting as ;; the param eter w hich controls the decohering of the m ass states ;
and 4,wehave 1, = 0and 13= 23 , where we have assum ed that decoherence e ects
are diagonal in them ass basis. Furthem ore, we assum e that decoherence e ects are suppressed
for ncreasing neutrino energies, / E © with ¢ 4. This m akes sure that at shortbaseline
expermmentswith E & 1Ge&V such asM iniBooNE,CDHS,NOMAD ,and NuTe&V no signal is
predicted, and at the sam e tin e m aintains standard oscillations for atm ospheric data and M I-
NO S.In thisway a satisfactory tto the globaldata isobtained. D isappearance and appearance
data becom e fully com patible w ith a probability of 74% , com pared to 02% in the case of (3+ 2)
oscillations. The LSND signalis linked to them ixing angle 13, see F ig.[3(right) and hence, this
scenario can be tested at upcom ing 13 searches: while the com parison of near and far detector
m easuram ents at reactors should lead to a nullresult because of strong dam ping at low energies,
a positive signal for 13 is expected in long-baseline accelerator experin ents.

4 Outlook

Currently M niBooNE is taking data w ith antineutrinos? T hism easurem ent is of crucial i —

portance to test scenarios involving CP (such as (3+ 2) oscillations) or even CPT violation to
reconcile LSND and present M niBooNE data. T herefore, despite the reduced ux and detec-
tion cross section of antineutrinos the hope is that enough data w ill be accum ulated In order
to achieve good sensitivity In the antimeutrino m ode. Furthem ore, it is of high im portance to
settle the origin of the low energy excess in M miBooNE . If this e ect persists and doesnot nd
an \experim ental" explanation such as an over-looked background, an explanation in term s of
\new physics" seem s to be extrem ely di cult. To the best ofm y know ledge, so-far no convincing
m odelable to account for the sharp rise w ith energy w hile being consistent w ith globaldata has
been provided yet.

The main goal of upcom ing oscillation experim ents lke DoubleChooz, Daya Bay, T 2K,
NO A isthe search for them xing angle 13, w ith typical sensitivities of3Y sin2 2 13 & 1% . This
should be com pared to the size of the appearance probability observed in LSND :Ppgyp 0:26% .
Hence, if 13 is Jarge enough to be found in those experin ents sterile neutrinos m ay introduce
som e sub—leading e ect, but their presence cannot be confused w ith a non—zero 3. N evertheless,
I argue that it could be worth to look for sterile neutrino e ects in the next generation of
experin ents. They would Introduce (m ostly energy averaged ) e ects, which could be visible as
disappearance signals In the near detectors of these experin ents. T his has been discussed SU o
the D ouble€ hooz experin ent, but also the near detectors at superbeam experin ents should be
explored. An Interesting e ect of (3+ 2) scheam es has been pointed out recently for high energy
atm ospheric neutrinos in neutrino telescopes32 . Thecrucialobservation isthator m 2 1&v?
the M SW resonance occurs around TeV energies, which leads to large e ects for atm ogpheric
neutrinos In this energy range, potentially observable at neutrino telescopes. A notherm ethod to
test sterile neutrino oscillations would be to put a radicactive source Inside a detector w ith good
spatial resolution, which would allow to observe the oscillation pattem w ithin the detector 33,
I stress that in a given exotic scenario such as the exam ples discussed in sec.[d signatures in



up-com Ing experim ents m ight be di erent than for \conventional" sterile neutrino oscillations.
For the subsequent generation of oscillation experin ents ain Ing at sub-percent level preci-

sion

to test CP violation and the neutrino m ass hierarchy, the question of LSND sterile neutrinos

ishighly relevanto2i39 | T hey will lead to a m iss-nterpretation or (in the best case) to an incon—
sistency in the results. If eV scale steriles exist w ith m ixing relevant for LSND the optin ization
In term sofbaselineand E  ofhigh precision experin entshas to be signi cantly changed. T here-
fore, T argue that it is in portant to settle this question at high signi cance before decisions on
high precision oscillation facilities are taken.
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