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NEUTRINOS FROM PRE-SUPERNOVA REACTIONS

DETECTION (PossiBILITY) OF NEUTRINO-COOLED STARS

Andrzej Odrzywotek
Jagiellonian University, Cracow

More details in our article:

Detection possibility of the pair-annihilation neutrinos from the neutrino-
cooled pre-supernova star , Astroparticle Physics, submitted

A. Odrzywolek, M. Misiaszek, M. Kutschera
http://arxiv.org/abs/astro-ph/0311012
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ASTROPHYSICAL SOURCES OF NEUTRINOS

Detected:
Solar neutrinos
e Sun first observed by
e SN 1987 A Ray Davis
chlorine detector
Proposed:
e Some ...

@™ Supernova
neutrinos
detected by
Kamiokande
and other
experiments

Our proposition:

e Neutrino-Cooled
Stars
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NEUTRINO -COOLED STARS

David ArnettSupernovae&Nucleosynthe$i996)
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NEUTRINO -COOLED VSMAIN SEQUENCE

20 M, VS Sun
300 [L07] Lifetime  [years] 1010
10° Luminosity  [L o] 1

1012 Neutrino Luminosity [L o] 0.02
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SIMPLE ESTIMATES

At distance:
12
R = W Lo _ 6.2 - 10°AU = 30 pc = 100 light years
0.02 Lo

observed neutrino luminosity of 20 Mstar during Si burning is
equal to neutrino luminosity of the Sun.

e The most close such a stédetelgeuse; Ori (15 M) at 185 pc.
e Naive conclusion:no detection possible.

e WRONG: * v’ emission completely different.
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NEUTRINO PROCESSES& SPECTRUM

Energy sources:

. = 10—
e nuclear reactions 2
e gravitational contraction 2 1
5 0.1+ -
g 0.01-; -
balanced by v/ emission: s |||
g 1E-4-;
e thermal processes 2 ks
— pair-annihilaton — £ "1
£ 1E-7 5
— plasmaneutrinos $ et
0.1 1 10
— brehmstrahlung £, MeV]
e Weak nucleard.g.e  capture) Solar vsSi burning neutrinos
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PAIR ANNIHILATION NEUTRINOS

Produced in reaction| e + ¢~ — Uy + Uy

~50% of the total flux in form ofelectron antineutrinos

Very important notice (M. Misiaszek):
For Si burning neutrinos the following reaction:

UVe+p—n+e"

has a huge spectrum-averaged cross-section:

ogi = 0.7 - 1043 cnv
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NEUTRON PRODUCTION RATE

rlday=t = f - G4 [em?®] - N - ¢y [em ™ day™]

f — . fraction, | Si-burning 20 M, star
& — averaged cross-section, |

N — number of targets, : _
6 — flux on Earth: Distance R=1 kpc

o =C, Ne, O, Si L
refers to burning phase. 1000 tons of HO
l

Fora =Si
£ =0.363 ande, = 7.6 - 1011, 1.3 neutrons/day
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HOw TO MAKE THESE NEUTRONS VISIBLE ?

1. Water Cherenkov detector: SNO, SuperK, UNO, HyperK

2. Add e.g.NaCl (sal) or GAC} (gadolinium trichloridg to pure water.
3. Neutrons are captured on Cl (Gd) nuclei.

4. Excited CI (Gd") produces-8 MeV gamma-ray cascade.

5. High energy photon hits electron.

6. Electron produces Cherenkov light.

7. Cherenkov light detected by photomultipliers.

cf. also recent result from SNO (salt phase) &RDZOOKS! Antineutrino Spec-
troscopy with Large Water Cerenkov Detectal'sF. Beacom, M. R. Vagins
http://arxiv.org/abs/hep-ph/0309300
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For Hyper K

45 neutrons / day
during6 months

of O burning
850neutrons / hour
during 2 days
of Si burning
“Szeof Star

Size of Earth’s Orbit : | SUPERNOVA

L1 : ” e A : ;

Size of Jupiter’s Orbit . : e EXPLOSION

Atmosphere of Betelgeuse - Alpha Orionis possible to foresee!

Hubble Space Telescope - Faint Object Camera

PRC96-04 - ST Scl OPO - January 15, 1996 - A. Dupree (CfA), NASA, ESA

Epiphany2004 * Sunday 11.01.2004



