arXiv:astro-ph/0001237 13 Jan 2000

*P resented at a workshop on Next Generation Nucleon Decayand Neutrino Detectors, NNN99 (SUNY at StonyBrook, NY,

Sept. 23-25, 1999), and to be published byAmerican Institute of P hysics.

A Novel Supernova Detector *

UCLA-APH-0122-12/99

David B. Cline

University of California Los Angeles, Dept. of Physics &Astronomy, Box 951547, Los Angeles, CA 90095-1547 USA

Abstract. We discuss the prospects for detecting

�

μ ,

- and � - neutrinos fromType II supernovas using the

novel detector at the Supernova Burs t O bs ervatory(SNBO) or OMNIS that is being designed for an

underground laboratoryintheUSA.Thisdetectorwouldcollect~2000flavorselectedeventsfromaGalactic

supernova andcouldprobeneutrinomassdowntoafeweV,aswellasthedynamicsofthesupernovaprocess.

We believethisisessentialtofurtherourunderstandingoftheneutrinosectionofelementaryparticlephysics.

INTRODUCTION

The issue of whether or not neutrinos have masses is

important forastrophysicsandcosmology.Astrophysical

considerations mayrepresentthebesthopefordetermining

neutrino mas s es and mixings. In this paper, we examine

how proposedneutral-current-based,supernovaneutrino-

burs t detectors, in conjunction with the next generation

water-

6

�

of the closure dens ityof the

Universe, itmusthave a mass m

�

� 92 6

�

h 2 eV, where h is the Hubble parameter in units of 100 kms -1 Mpc -1 .

Reasonable ranges for 6

�

and h then give 1 eV to 30 eV as a cosmologicallysignificant range. A neutrino with a mass inthehigherendofthisrange( i.e. , 10

� m

�

� 30eV)

could contributesignificantlytotheclosuredensityofthe

Universe. The cosmic background explorer (COBE)

o bs ervation of anistropyin the microwave background,

com bined with observations at smaller scales, and the

distribution of galaxystreaming velocities, have been

interpreted as implying that there are two components of

dark matter: hot ( 6

HDM

~ 0.3) and cold ( 6

CDM

~ 0.6).

The hotdarkmatter(HDM)componentcouldbeprovided

bya neutrino with a mass of about 7 eV. 3-5

MEASURING THE NEUTRINO MASS BY

TIME OF FLIGHT

Perhaps themoststraightforwardandobviousnatureof

a massive neutrino would come fromthe lengthening in

flight time froma distant supernova. For example, the

flight timedifferencebetween �

� t

5 . 14 × 10

2 R

kpc m

�

e

E

�

e

2

� -Mass/Mixing

_________________________________________________________________________________________________________

Tests Nucleosynthesis

_______________________________________________________________________________________________

Scheme

�

X

� atmos

LBL SBL SN � ’s BBN SNN

_________________________________________________________________________________________________________

I Yes Yes Yes No R

OK OK

3 � mixing �

e

-

�

μ

� �

-

�

μ

� �

-

�

-

� �

e

No LSND �

μ

� �

e

�

μ

� �

e

- appearance?

II Yes Yes Yes No?

R

??

4 � mixing � e

� � s

� μ

� �

-

� μ

� �

-

� e

� �

-

Hot D/N Good or bad

� μ

� �

-

(No extra - appearance? ? � e

-spectrum ??

(Doublet) N.C. signal) � e

� �

-

? Maybe! ?

�

X

� � s

� e

� � μ

? Maybe!

LSND

III Yes Yes Yes No

R

? r-process

4 � mixing � e

� � μ

� μ

� � s

� μ

� � s

m

�- constraint

�

μ

� �

s

�

μ

� �

-

? T of F

Doublet ?

No LSND

_________________________________________________________________________________________________________

Table 2. Requirements of a Supernova Observatory

__________________________________________________

& Life of Observatory

� rate (yr) for SNII on MilkyWay

Galaxy

� 40 yr

& Event Rate: ~ 5 � 10 K + P � e + + n �

H

~ Few K � x

+ N � � x

+ N

� x

= � μ

+ �

-

To:

% Fit model of SNII process

% Extract a neutrino mass or neutrino oscillation

% Learn about SNII explosion process

__________________________________________________

Table 3. Methods for Measuring Neutrino Mass

__________________________________________________

1. Time of flight froman SNII:

� t

1

2

M �

1

E

1

2

M �

2

E

1

2

D sec

Onlyactive neutrinos can separate M �

1

, M �

2

byvarying

E

1

, E

2

.

2. Neutrino oscillation: P = sin 2 2

� sin 2 1 . 27

L

E

M 2

1

M 2

2

Can have sterile neutrinos.

__________________________________________________

FIGURE 1. Comparison of world detectors (event numbers

for supernovae at 8 kpc).

DIFFERENT TYPES OF SN NEUTRINO

DETECTORS AND NEUTRINO MASSES

Recently therehasbeenrealprogressinSNsimulations

giving an explosion. These calculations give interesting

predictions fortheneutrinospectra.DetectorsliketheSK

and SNBO/OMNIS maybe able to detect such effects,

however the SNBO/OMNIS detector maybe of crucial

importance for this study. Using these various detectors,

it shouldbepossibletodetectafiniteneutrinomass. 1 The

characteristics of this detector are listed in Table 4.

In this analysis, we have assumed the existence of a

very massiveneutral-currentdetector(SNBO/OMNIS),

which wediscussnext.Byusingthesedifferentdetectors

it willbe possible to measure the μ or

� UCLA group) and find it acceptable for a galactic supernova detector. We find less than one neutron perhourdetectedina6-ftBF

3

counter.Thisleads to the expectation that the background for a galactic supernova is much smaller than the signal at this site. A schematic of the SNBO/OMNIS detector is shown in

Fig. 4.

SEARCH FOR THE INTEGRATED FLUX

OF SUPERNOVA NEUTRINOS

Another kind of relic neutrinos are the neutrinos that arise fromthe integrated flux fromall past type-II supernovae. Figure 5 shows a schematic of thes e (and other) fluxes. 7 These fluxes could be modified by transmission through the SNII environment, as discussed recently. 7

FIGURE 3. Illustrativearrangementofdetectormodulesalong rock tunnel; also shown is theuseofsupplementaryiron orlead for gamma shielding or as an alternative neutrino target.

The detection of �* e

fromthe relic supernovae may somedaybe accomplished bythe SK detector. It would be as interesting to detect � e

with an ICARUS detector, as illustrated in Table 5. High-energy � e

would come from � μ , -

� �

e in the supernova. 7 A window of

detection occurs between the upper solar neutrino

energyand the atmospheric neutrinos, as first proposed

byD. Cline and reported in the first ICARUS proposal

(1983-1985). The ideal detector to observe this is a

large ICARUS liquid-argon detector. 7

ACKNOWLEDGMENTS

I wish to thank G. Fuller, D. Boyd, K. Lee, and P. F.

Smith for discussions.

REFERENCES

1. Cline, D. B., Fuller, G. M., Hong, W.P ., Meyer, B., and J.

Wilson, Phys. Rev. D50 , 720 (1994).

2. P resentations to this workshop were made bymembers of

the SNO, SK, AMANDA, SNBO, and KARMAN groups

and are to be published in the proceedings (American

Institute of P hysics, 2000).

3. Smooth, G. F., et al ., Astrophys. J. Lett. 396 , L1 (1992).

4. Schaefer, R. K., and Shafi, Q., Nature 359 , 199 (1992).

5. Bond, J. R., Efstathiou, G. E., and Silk, J., Phys. Rev. Lett.

45 , 1980-1983 (1980) .

6. G. Fuller, UCSD, private communication (1998).

7. Cline, D. B. ^Search for Relic Neutrinos and Supernova

Bursts,~ in Proceedings, Eighth Intl. Wksp. on Neutrino

Telescopes (Venice,Feb.23-26,1999),ed.M.BaldoCeolin,

1999, Vol. II, pp. 309-320.

FIGU RE 4 . Isometric view of the surface and underground

(looking toward the Northeast) of the WIP P site near Carlsbad,

NM.

FIGURE 5. Relic neutrinos frompast supernova. Note: �

x

�

�

e in the supernova can boost the energyof the �

e if we find < E

�

e

> > < E �

* e

>. This will be a signal for neutrino oscillation in supernovae! and measure sin 2 � x e

.

Table 5. Detection of � / �* e

Relic Neutrino Flux fromTime Integrated SNII

________________________________________________________________

1. Relic � / �* e

fromall SNII back to Z ~ 5: < E

�

> ~ 1/(1 + Z )< E

�

>

2. Detection would give integrated SNII rate fromUniverse

� Window of detetion [D. Cline, ICARUS proposal, 1984]

3. Neutrino oscillations in SNII would give � x

� � e

with higher energythan �* e

4. Detect �* e

with SK or ICARUS. Attempt to detect � x

/ � e

detection.

________________________________________________________________