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2) Relic Neutrinos From Past Super Nova

A) Properties Today
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3) Real Time Super Nova Neutrino Detection
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B) Real Time Detection

C) OMNIS 3 Site Observatory
D) Extracting Maximal Information

4) SUMMARY
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TECHNIQUES TO SEARCH FOR RELIC
NEUTRINOS

Options for Relic Neutrinos - Examples

1. STANDARD MODEL

m =0 , T,=19K , p,=10"(m)p,

'I-

P,~(5-2)x10%eVic , av,=3 x10?cm?s

2. M N
m, =30eV (eitherport; m =11eV)

(A) Unclustered in Galaxy (B) Clustered in Galaxy

3. NEUTRINOS WITH UNUSUA PE )

T 10710 Mg , My=7(30eV) , (Transition vgor vy

(i.e., clustered and with a large magnetic moment)

4. (RELIC NEUTRINOS) FROM THE DECAY OF MASSIVE RELIC NEUTRINOS
Example: M, =1MeV
Assume dominant decays:

: 16
vem vt oifr, 2107s

~3v , (Assume m, ~0)
E, - ”‘": MeV Pl
» +2z

MORAL: RELIC NEUTRINOS HAVE NOT BEEN DETECTED;
HENCE WE DO NOT KNOW THE SPECTRUM



Search for Cosmic Diffuse Neutrinos
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FIG 1 Neutrino elastic scattering cross section versus

momentum p and corresponding wavelength X\ .

Full lines: single particle scattering. h
20

Dashed lines: coherent scattering.
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incident neutrino waves

A = 60 micron
[ |
—r— recoil acceleration
(a) L —_
] : ‘-
1

/ laminated target

reflected neutrinos

low temperature enclosure —
uitra-high vacuum —

Zero-g reference frame ——
(b) 2ero-g laminated target —

position sensing and stabilisation ——

YYLILLLES LI LI ISP IIIEIEE 0000 70777,

.
b g A DL, Y

(c)

)
0
0%
5 O
o ©
o O
o ©
o
o

displacement of single target granule
by coherent scattering of relic neutrino

2ero-g suspension of
sub-micron granules

Fig 6 (a) Force proportional to (n-1)2 from neutrino reflection.
(b) Conceptual Z€ro—g experiment to detect second order force.
(c) Conceptual zero-g experiment with multiple granule target.



Neutrino optics

?‘C‘* JL 'Rtlt ¢
'

potential U _
v U = 2.10713eV for neutrinos

-
P Py ) (U = 2.10"7eV for neutrons)

Refractive index
@
n=1+Gpm,/p,2 =1+ 108 for galactic V
or = 1 + 10”4 for cosmic V
Consequences
® Reflection coefficient gives
v force on bulk matter ~ 10”17 dyn/ tonne

® DBragg mirrors or Fresnel lenses possible




F - Qevee dor Rhe MNoatorw VLA DPF
| C. Hagmann “’l‘(

Lawrence Livermore National Laboratory J awn e’
7000 East Avenue, Livermore, CA 94550

Abstract

Probably the most promising way of detecting cosmic neutrinos is mea-
suring the mechanical force g- xeried by elastic scattering of cosmic neutrinos -
from macroscopic targets. " The expected acceleration is ~ 10~3cm/s? for
Dirac neutrinos of mass ~ 10 eV and local density ~ 107/cm®. A novel
torsion balance design is presented, which addresses the sensitivity-limiting

factors of existing balances, such as seismic and thermal noise, and angular

readout resolution and stabilitg.

S\AMMGQ{'N‘J veth Apnl 6
| o den Yo fosbhly 9 tha



FIGURES

FIG. 1. Schematic diagram of the torsion oscillator. The target consists of two hemicvlindrical
masses with similar densities but different neutrino cross section. The mass is suspended by
a “magnetic hook” consisting of a superconducting magnet in persistent mode floating above a
stationarv magnet. The rotation angle is read out with a tunable optical cavity and an ultra-stable

Sm—
laser.
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Left-Handed backward showers,

limited to E < 10" eV for v,, v, V..
Above 10 eV, they are observable

Fluorescence
with

Ew=10

Ilustration of Backward Showers initiated by earth-penetrating cosmological neutrinos.
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UCLA/99/TEP/6

Hignest-energy cocmic'rays from Fermi-degenerate relic neutrinos consistent with
Super-Kamiokande results

0o

Graciela Gelmini and Alexander Kusenko
Departiment of Physics and Astronomy, UCLA, Los Angeles, CA 90095-1547
(February, 1999)

Relic neutrinos with mass 0.07*33: eV, in the range cousistent with Super-Kamiokande data. can
explain the cosmic rays with energies in excess of the Greisen- i in cutoff. The spectrum
of ultra-high energy cosmic rays produced in this some distinctive features that may
help identify their origin. Our mechanism does not require but is consistent with a neutrino deasity
high emough to be a new kind of hot dark matter.

L ol T . ——
PACS numbers: 98.70.Sa, 95.85.Ry, 14.60.Pq, 95.35.+d
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DETECTION OF V / V RELIC
NEUTRINO FLUX FROM
TIME INTEGRATED SNII

1) Relic V/ V From all SNII back to Z ~ 5

1
<EV>"'T-;—2——<EV>

2) Detection would give integrated SNII Rate
From Universe

- Window of Detection ,DBC 1984
ICARUS Proposal

3) Neutrino Oscillations in SNII would give
Vx — V. With higher energy than v,

-~

4) Super K - Detect Ve ICARUS. Attempt to

detect \V [Detection
v
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Fig. 3. Possible Fine Structure in the Supernova v v Burst from Recent Calculations.”
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Parametrization of three-neutrino mixing

1. Mixi_ng. matrix
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Prospects for Detecting Supernova Neutrino Flavor Oscillations

George M. Fuller,' and Wick C. Haxton,? and Gail C. McLaughlin?

! Department of Physics, University of California, San Diego, La Jolla, CA, 92093-0319
?Institute for Nuclear Theory, Boz 351550, and Department of Physics, Boz 351560,
University of Washington, Seattle, WA 98195, USA
(September 13, 1998)

Abstract

The neutrinos from a Type II supernova provide perhaps our best opportu-
nity to probe cosmologically interesting muon and/or tauon neutrino masses.
This is because matter enhanced neutrino oscillations can lead to an anoma-
lously hot v, spectrum, and thus to enhanced charged current cross sections
in terrestrial detectors. Two recently proposed supernova neutrino observa-
tories, OMNIS and LAND, will detect neutrons spalled from target nuclei by
neutral and charged current neutrino interactions. As this signal is not flavor
specific, it is not immediately clear whether a convincing neutrino oscillation
signal can be extracted from such experiments. To address this issue we ex-
amine the responses of a series of possible light and heavy mass targets, *Be,
BNa, 3Cl, and 2°°Pb. We find that strategies for detecting oscillations which
use only neutron count rates are problematic at best, even if cross sections
are determined by ancillary experiments. Plausible uncertainties in supernova
neutrino spectra tend to obscure rate enhancements due to oscillations. How-
ever, in the case of *®Pb, a signal emerges that is largely flavor specific and
extraordinarily sensitive to the v, temperature, the emission of two neutrons.
This signal and its flavor specificity are associated with the strength and loca-
tion of the first-forbidden responses for neutral and charge current reactions,
aspects of the Pb neutrino‘tross section that have not been discussed pre-
viously. Hadronic spin transfer experiments might be helpful in confirming
some of the nuclear structure physics underlying our conclusions.

14.60.Pq, 26.50.+x, 25.30.Pt

Rebl hoe dstedem 4
vx =y V‘ W sp: Typeset using REVTEX

“Current Address: TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C. Canada V6T2A3. Electronic
address: gail@alphOl.triumf.ca

astro-ph/9809164 13 Sep 1998
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TWO NEUTRON SIGNAL FOR v, -v, 9%

(G. McLaughlin, G. Fuller, W. Haxton)

15 MeV
(Forbidden)
A 2N
M Ao -
. w
8 MeV

v,+Pb— v +x v, +Pb — e +x
| [->1n | —T [->1n
. by ) EZn ] Signd/

WS, Yy > % i Be Sepe P ‘LW

The 2n|1n signal is much larger for v, interactions.
A signature for v_ , - v, in the SNII environment.
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0t Relic Neutrinos from _
L% . Past Supernova T

10° L - <«— Bsolar v, |

& 10 - \ reactor V. -
> | | ’ |
R Diffuse y Flux i

'.-i 10 o - 4—hep solar v,

e 10% - Current Limiton v, i
L, Kam II |
x 1 EE— -
20 e i
g 10° - ‘ “’:,-f v+ vty +U> i
= | . = relicv,from past supemovae 1
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Z 10 | \\ <— ORv, - v,oscillation

0°- - ... 3UmOSPhefiCY -

10° ~ o .
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104 . — — j el

0 10 2030405060 70 80 90 100
Neutrino Energy [MeV]

NOTE: v, - v, in the supernova can boost the energy of the v, if we find
<Ev> ><Ev > . This will be a signal for neutrino oscillation in supernovae! and
measure sin Bxe.
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REQUIREMENTS OF A SUPERNOVA
OBSERVATORY

1. Life of Observatory 2> Rate (yr) for SNII on Milky
Way Galaxy

©
(e ™
2. EVENT RATE;:

~5-10K V.+P—oet +n

> 20 - 40 years ( 'Dolu&"» w. ¥
vo"' n ’“"’ *"“L)

~Few K VX+N—>VI+N‘

lgw---

VvV =V +V
x u T

E 5

TO: A) FIT MODEL OF SNII PROCESS

B) EXTRACT A NEUTRINO MASS OR M-¥-3-¥
NEUTRINO OSCILLATION

C) LEARN ABOUT SNII EXPLOSION
PROCESS Avs R PRecssy

) I«e ??7
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Detection of VY, and V,

From SuperNova Neutrinos
In REAL TIME

Two Possibilities:

a) Ww+e D Ww+e
- Rate Low because

°V.e Small

- Background from
* Ve - V,e

b) WZW+N 5> VWV +N

N=D, C, O, NaCl, Pb, Fe...

N -n+X _SNO
SNBO/OMNIS

N - y+X ~Super K
LVD

0 SIGNAL DEPENDS ON Vy, V,
ENERGY SPECTRUM

Vence talk-|



L T (Suto| Dok

“A SUPERNOVA BURST OB O OPERATE 50-100 YEARS AN ?
DETECT p AND t NEUTRINOS” “

David B. Cline et al. Sﬂ BO / oS

University of California

Physic & Astronomy Department
Box 951547

ABSTRACT

This group is developing the least expensive SuperNova Neutrino Burst
Observatory. That will also be sensitive to p and t neutrinos.

Recent progress has been considerable with a site for the detector have been selected
at WIPP, Carlsbad, New Mexico. Current plus one to construct the first phase of the
detector by 2002 and for the detector to operate out of at least 2040 at possibly 2100.

b§m A -+ A’ (Swdaw)
|Site Ay DOE Carls nderground Site, New Mexico. / ~ i
Us par%j: o Py L SA
R N Eoyd!, R L Brodziaski*, D B Cline®, S A Cal;’:u‘, E ] Fenyves’, G M FullerS,
D Knapp’, S Labov’, K Lee?, A Murphy!, L Nakae’, M M Nieto?, W Vernon®, ag‘:p\
J R Wilson’ :
10hio State University; “Pacific North West University: 31.':&\'::3'1!}' of California, Los Angeles;
4Los Alamos National Laboratory; SUniversity of Texas Dallas: SUniversity of California, San Diego:
7Lawrence Livermore National Laboratory.

-

(Site B: Boulby Mine, UK. s I .I .‘ Uk
UK participants: - AT eY)

W G Jones!, J D Lewin?, R Marshal®, N J T Smith!, P F Smith2,
N J C Spooner?, J J Quenby!, K Stevens’, T J Sumner!

1Blackett Laboratory, Imperial College, London; 2Rutherford Appleton Laboratory, Chilton, Oxford:
3University of Manchester; *University of Sheffield.
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P, Sl

{ | mu neutrino .
i i &1 supernova signal
;

B cavern background <

tau neutrino (mass 50 eV)

time (s)

Fig10 Simulation of 1000-event arrival time profile of mu/tau neutrinos
from 8 kpc Galactic supernova, binned in 0.1 s intervals with cavern
background fluctuations shown separately for comparison. The
profile corresponds to that of Fig 3 for 50 eV tau neutrino mass.
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WIPP may be an Ideal Setting for Neutrino Ro Pogm
Observation Experiments
Esderal Facilty operated by the Department of Energy g To
m below surface . 28
“About 250 m of essentially pure NaCl both above and below
aciiity horizon - surrounded by >10 km of NaCl on all sides kec'(
Ektremely low (and soft) gamma background radiation

spectrum (0.3 - Mnﬂmﬂltpﬂnwllymm

SR TILT 3

a.mmwmmmwwu Fo-up Dﬂ-‘ﬂN
-.Exbnslvo facility infrastructure already in-place:

- material transport and personneliequipment access

- vertilation systems

- power and high speed data communications mm ?3
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ELSEVIER \uchear Instruments and Methods in Physics Research A 399 4 1997) 269-274

Evaluation of the WIPP site for the supernova neutrino
burst observatory

\ ). Balbes’. R\. Bovd* ™. J.D. Kalen®. C.A. Mitchell®. M. Hencheck®. E.R. Sugarbaker”.
J.D. Vandegnifi*. D.A. Sanders®. S.D. Lieberwirth*®
s Depuriment of Phiuc The Ohw State Umiversiny Columbus OH 43210 L 54

® Depurmment of Py wnd Ao University of Calttornms ut Los dngeies. Los Angeles. €4 wnwi-154° LS4
S WIPP 0 mules SE of Curlshud Curishud N M 33220 154

Recened 21 June 1996, recened n revised form 17 June 1997

Abstract

\leasurements of the neutron background n a potennial underground site for the Supemora Neutnno Burst Obsen aton
{SNBO 1 have been made The SNBO will ultimately be capable of detecting p and T neutnnos from a supernova. Furthermore
masses of the y and T neutnnos might be measurable in the range of 10-50¢\ SNBO operates by detecting the neutron-
caused by interaction of the supemora neutnnos with rock. Tt will consist of order ten thousand neutron detectors locate.
1 an underground em ronment having a \en low intnnsic radiation level The limit to the size. hence sensitivity. 0
SNBO 15 thus the neutron signal-1o-noise rano. which depends on the neutron background in the enironment of SNBO
Thus we hare made neutron background measurements at the Deparment of Energy Waste Isolation Pilot Plant (WIPP
lovated near Carlsbad. NM. The value of the ambient neutron flux we determined. 332 = 148 neutronsm > d™ . show:
that the background levels in this facilin are suthciently low to warrant construcnon o
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