Is the LMA solar-neutrino solution ruled out bySN1987A data?

David B. Cline

Department of Physics and Astronomy, Box 951647

Universityof California Los Angeles, Los Angeles, CA 90095-1647, USA

The developmentof newsupernova neutrino detectors reliesontheexpected hard energyspectrumof the

�

μ

and �

2 emittedinthesupernova.WeshowthatSN1987Awassensitivetothelargemixingangle(LMA)and^just

so~ solution to the solar neutrino problem. We reviewthe previous analysis of the SN1987A data and propose a

new analysis. The results of this analysis strongly disfavor the LMA solution, provided the �

μ and �

2 are hard as

predicted

1. THE DEVELOPMENT OF THE NEW

SUPERNOVA DETECTOR, OMNIS

Large waterdetectors are ideallymatched forthe

detection oftheprocess Thedetection �

e

� e

� � n .

of the other flavors of neutrinos requires �

μ

, �

μ

, �

2

, �

2

the observationofneutralcurrentprocesses.Longago

[1,2], the author and G. Fuller and others proposed a

method to carryout this detection by detecting the

neutrons for

�

x

+ N � + N

1

�

1 x

Y n .

The concept has now been incorporated into the

OMNIS detector proposal (Fig. 1) for the Carlsbad underground laboratory. The detection method relies on theexpectedharder � x

spectrumasshowninFig.2.

2. NEUTRINO MIXINGFROM SUPERNOVA

NEUTRINOS

Because the � x

spectrumis expected to be harder than the � e

or (Fig. 2), one signature for neutrino � e oscillationistoobserveahardcomponentinthe � e

or � e spectrumfromthe process � x

� � e

or [3]. We � x

� � e can define the neutrino flux in the following way:

, (1)

� �

e

p ) � � e

� o

� p � � x

� o

, (2) � � e

� ( 1 p ) � � e

� o

� p � � x

� o

where , , , denote the unmixed

� �

e

� o

� � e

� o

� � x

� o

� � x

� o neutrino spectra and the mixing fraction.

p , p

In vacuumwecanwrite p =(1/2)sin 2 2

� and = p

(1/2) sin 2 2 � . Figure 3 shows the distorted event�

e

spectrum for variousvaluesof . Thus, even a smallp

mixing ( =0.2)causesanappreciableeventspectrum p

distortion at high energyand should be readily

detected in the next supernova event.

3. EARLY ANALYSES OF SN1987A DATA

As is well known, there were 20 events recorded

in SN1987A:12bytheKamiokandedetector[4]and

8 bythe IMB detector [5]. We first turn to the initial

analysis of L. Krauss [6].

First we comment on the Kamiokande and IMB

event populations:

1. The IMB detector had a strong bias against low

energyevents.

2. The mass of the IMB detector was about three

times larger than the Kamiokande detector and

thus wasmoresensitivetohigherenergyneutrino

events that are less probable.

3. T he Kamiokande detector had excellent low

energy properties, as was later demonstrated by

the observation of solar neutrinos.

4. Some of thepmt´sforthe IMB detector were not

operational during the recording of SN1987A

events.

Figure 1. Schematic Layout for OMNIS in a CARUS tunnel with a neutron detected.

Figure 2. Expected and s pectra f roman � e

� x

SNII explosion.

Figure 3. E v e n t s d i s t r i b u t i o n e x p e c t e d f o r different values of the mixing .p

In the Krauss analysis, an attempt was made to incorporate bothpopulationsofeventsbycorrecting the modelasshowninFig.4.Whilethisshowedan acceptable fit, the mean temperature of the d is tribution was 4.5 MeV, which was higher than would be expected normally.

Smirnov, Spergel, and Bahcall tried another analysis [7].TheyfitthecombinedKamiokandeand

IM B data with a model that allowed for � x

� � e mixing asgivenbyformula(2).Theydidnotcorrect for the obvious dif f erences in the Kamiokande and

IMB eventpopulation(threshold,differentdetector, masses, possibledifferencesindetectionefficiency, etc.) but just added up the integral of the total event energies. Theygaveanexhaustivediscussionofthe different typesoftemperaturedistributionsthatmay occur for the different neutrino f lavors fromthe supernova emission.Theyexpressedtheirresultsas a function of the mean energyof the � x

neutrinos.

Since most models gave this value to be 22 MeV or greater, we use that value in the results shown here.

In Fig. 5, we have replotted the results of this analysis forthe95%confidencelevelreportedinthe paper. Note that most of the LMA and all of the vacuumoscillation (or ^just so~) is excluded [8].

One can be critical of this analysis due to the fact that no attempt was made to correct for the different experimentalconditionsintheKamiokande and IM B experiments. However, these results may well beaconservative lower limit,sincecorrections for the experimental dif f erences will decrease the impact of the high energyevents in IMB, as shown bythe Krauss analysis.

4. A NEW ANALYSIS OF THE SN1987A

DATA FOR NEUTRINO MIXING

Because of the problems of comparing the two populations of events illustrated in points 1 through

4 above, we propose that a sensible analysis should use the data set with the least bias. Bas ed on the

Kamiokande data alone, while this set has no event

with an energyabove 40 MeV, there is no reason why the detector would not have recorded s uch events had theybeen produced. In Fig. 6, we show the Kamiokandedataandthepredictionsofneutrino mixing (Fig. 3). The case = 1/2 is excluded to atp least 99% confidence level. Even with a lower statistical sample,theconclusionsofthisanalysisare as powerful as those of Smirnov, Spergel, and

Bahcall. Table1givestheKolmogurovtestforthese data [9].Webelievetheseresultslargelyexcludethe

LMA solar neutrino solution.

Figure 4. Krauss analysisof SN1987Adata. The hatched events are the combined data an d the solid blocks are the results of a model thatincororatestheeffectsofthe detectors, etc.[6].Neutrinomixingwas not assumed.

5. SUMMARY

Our conclusions are that either (1) the SNII model withahigh-energy � x

spectrumisnotcorrect, or (2)verylikelytheLMAsolarneutrinosolutionis excluded. We note that the IMB data indicates that a supernovaIIproduceshigh-energy events,soit� e is verylikelythat the standard predictions of the supernova II models are correct.

Figure 5. Limits on f romSN1987A (from � e

� � μ

Ref. [7]).

Figure 6. Comparison oftheKamiokandedata with the neutrino oscillation models.

Table 1. Kolmogurov Test for the Model and data in Fig. 6.

_________________________________________________________________

Parameter, Probabilityof Hypothesis (%) Confidence Level (%) p

__________________________________________________________________

0 58 42

0.2 3.6 96.4 excluded

0.5 0.02 > 99 excluded

__________________________________________________________________

6. ACKNOWLEDGEMENT

I wish to thank G. Fuller and Yu Smirnov for comments on this analysis.

REFERENCES

1. D. B. Cline, ^A Novel Supernova Detector,~ in

Next Generation Nucleon Decay and Neutrino

Detectors, NNN99 (Proc., StonyBrook, NY,

Sept.23-25,1999),PIPConferenceProceedings

533 (AmericanInstituteofPhysics,NY,2000), pp. 124-127.

2. D. Cline et al., Phys. Rev. D 50 (1994) 724.

3. R. Mayle, J . R. Wilson, and D. N. Schramm,

Astrophys. J . 318 (1987) 288.

4. Kamiokande Collaboration, K. S. Hirata et al.,

Phys. Rev. Lett. 58 (1987) 1490.

5. IMB Collaboration, R. M. Bionta et al., ibid.

1494.

6. M. Krauss, Nature (London) 329 (1987) 689.

7. A. Yu. Smirnov, D. N . Spergel, and J . N.

Bahcall, Phys. Rev. D 49 (1994) 1389.

8. G. M. Fuller, W. C. Haxton, and G. C.

McLaughlin, Phys . Rev. D 59 (1999) 085005

(and Refs. therein).

9. S. Otwinowski, UCLA, private communication

(1999).